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ABSTRACT 

^ I We present multi-colour {U, V and /) photometry obtained with the second Wide 

Field and Planetary Camera (WFPC2) on the Hubble Space Telescope (HST), and 
spectra taken with the William Herschel Telescope (WHT) and the HST Faint Object 
Spectrograph (FOS), for the early-type galaxies NGC 4342 and NGC 4570. These 
galaxies are intermediate between ellipticals and lenticulars, and they both have a 
small nuclear stellar disc in addition to their main outer disc. 

Colour images reveal no colour differences between the nuclear discs and the 
bulges. Comparison of the U — V and V — I colours with stellar population mod- 
els indicates that the central regions of both galaxies are of intermediate age (~8 Gyr) 
and of high metallicity. For NGC 4342 this is consistent with the values of the line 
• strengths in the central region derived from the FOS spectra. For NGC 4570, an 

I unusually large H/3 line strength may suggest recent star formation. 

. The long-slit WHT spectra have a high signal-to-noise ratio {S/N) and a spatial 

resolution of ^1". They are used to determine the stellar rotation velocities V, the 
velocity dispersions cr, and the deviations of the line-of-sight velocity profiles from 
a Gaussian shape, as quantified by the Gauss-Hermitc moments h^, and /i4. Both 
O ' galaxies are rapidly rotating, and they both have velocity dispersions that increase 

strongly towards the centre. The V and profiles clearly reflect radial changes in the 
^ • relative contributions of the different structural components identified photometrically. 

^ ' The FOS was used to obtain spectra with the 0.26" diameter circular aperture at 

seven different positions in the central region of each galaxy. Measurements of V and 

■ a yield the stellar kinematics at four times higher spatial resolution than available 
I from the WHT spectra. The FOS spectra of NGC 4342 indicate a central velocity 

■ dispersion of ^420 kms^^, higher than the ^320 kms^^ measured from the WHT 

spectra. Also, the nuclear rotation gradient measured with the FOS is steeper than 
that measured with the WHT; it reaches Vrot ^ 200kms~^ at 0.25". The rapid stellar 
motions seen in the centre of NGC 4342 suggest a large central mass concentration, 
possibly a massive black hole. The kinematics of the more massive NGC 4570 are less 
spectacular, with a central velocity dispersion of ^ 250 km s"""^ and a central rotation 
curve that reaches only ^ 60kms~^ at 0.25". The stellar kinematical measurements 
for both galaxies will be interpreted quantitatively with detailed dynamical models in 
a series of companion papers. 

Key words: galaxies: individual: NGC 4342, NGC 4570 - galaxies: elliptical and 
lenticular, cD - galaxies: nuclei - galaxies: kinematics and dynamics ~ galaxies: abun- 
dances 
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1 INTRODUCTION 

Tlie discovery witfi tlie Hubble Space Telescope (HST) of a 
number of early-type galaxies with very small stellar discs, 
with scale lengths of the order of 20 pc (van den Bosch 
et al. 1994; Forbes 1994; Lauer et al. 1995), has opened 
new windows on galaxy dynamics and formation. From a 
dynamical point of view, nuclear stellar discs are interesting 



because their kinematics allow an accurate determination 
of the central mass density of their host galaxies (van den 
Bosch & de Zeeuw 1996) . The existence of a morphologically 
and kinematically distinct stellar component in the nucleus 
of these galaxies raises the question whether they formed 
coevally with the host galaxy, or arose from evolution of the 
host galaxy in a later stage. One possible form of evolution 
would be gas infall to the centre induced by either a bar or a 
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merger, which after subsequent star-formation could result 
in a nuclear disc. 

Stellar discs with sizes of 0.2-1 kpc were found in sev- 
eral elliptical galaxies from ground-based observations (e.g., 
Nieto et al. 1991). The nuclear discs discussed here are 
considerably smaller, and have sizes < 100 pc. They were 
discovered in monochromatic broad-band images that were 
taken with the HST Planetary Camera (PC) before any cor- 
rections had been made for the spherical aberration of the 
HST primary mirror. 

To investigate the kinematics of the nuclear discs, and 
to learn about their formation, we have taken spectroscopic 
and improved photometric data for two early-type galaxies 
in the Virgo cluster: NGC 4342 and NGC 4570. These 
galaxies are intermediate between ellipticals and lenticulars, 
and in both cases previous HST images revealed the presence 
of bright nuclear discs (van den Bosch et al. 1994). Global 
parameters of the two galaxies are listed in Table 1. 

We obtained multi-colour {U,V,I) images with the sec- 
ond Wide Field and Planetary Camera (WFPC2) aboard 
the HST, in order to investigate the detailed morphology of 
the different components in NGC 4342 and NGC 4570, and 
to study their differences in colour. We also obtained long- 
slit spectra with the William Herschel Telescope (WHT), 
and higher spatial-resolution single-aperture spectra with 
the HST Faint Object Spectrograph (FOS), to determine 
the stellar kinematics of the different components and inves- 
tigate the stellar populations. The HST data were obtained 
after the telescope was serviced to correct for the spherical 
aberration of the primary mirror. 

The nuclear discs have a small angular size, even for 
HST standards, and are embedded in complex larger struc- 
tures. Reliable astrophysical interpretation in terms of dy- 
namics and stellar populations therefore requires careful re- 
duction and modeling. In this paper we describe the ob- 
servations, the reduction, and the parameterization of the 
results. The quantity and diversity of the data has led us 
to parameterize it into a form suitable for presentation and 
modeling. The imaging data is parameterized in terms of 
both elliptical isophotal parameters and multi- Gaussian de- 
compositions; the kinematic data is parameterized through 
Gauss-Hermite expansions of the line-of-sight velocity dis- 
tributions. 

A detailed interpretation of the data will be presented 
in a series of companion papers. Scorza & van den Bosch 
(1997) will discuss the results of the decomposition of both 
galaxies into bulge and disc components. Cretton & van den 
Bosch (1997) will present detailed three-integral modeling 
of the dynamics of NGC 4342. Van den Bosch & Emsellem 
(1997) will present evidence that the galaxy NGC 4570 has 
been shaped under the influence of a rapidly tumbling bar 
potential. 

In Section 2 we present the reduction and parameteriza- 
tion of the multi-colour HST photometry. Sections 3 and 4 
contain the reduction of the WHT and HST/FOS spectra, 
respectively. The stellar kinematical analysis is presented in 
Section 5. Section 6 discusses the stellar populations of both 
galaxies, based on the broad-band colour and line strength 
data. We summarize and discuss our conclusions in Sec- 
tion 7. Throughout this paper we adopt a distance of 15 
Mpc for both galaxies, as appropriate for the Virgo cluster 
(Jacoby, Ciardullo & Ford 1990). 



Table 1. Parameters of the observed galaxies 



NGC 


RC2 


Mb 


D25 


Vhel 




>S21cm 








(arcscc) 


(km/s) 


(mjy) 


(iiiJy) 


4342 


SO- 


-17.47 


84.8 


714 


0± 160 


< 3 


4570 


SO 


-19.04 


244.4 


1730 


0± 100 


< 10 



Column (1) gives the NGC number of the galaxy. Column (2) 
gives the galaxy type according to the Second Reference Cata- 
logue (RC2; de Vaucouleurs et al. 1976). The absolute blue mag- 
nitude (for a Virgo distance of 15 Mpc) is listed in column (3), 
whereas column (4) gives the major axis isophotal diameter at 
the surface brightness level fig = 25.0 mag arcscc^^. Column (5) 
lists the heliocentric velocity in kms^-*-. Columns (6) and (7) 
give upper limits on the IRAS flux density at 100/ini (Knapp et 
al. 1989) and on the flux density at 21 cm (Wrobel 1991). 



Table 2. Log of HST/WFPC2 observations 



NGC 


Filter 


colour 


date 


^exp 

(sec) 


#e> 


4342 


F336W 


U 


21/01/96 


3600 


4 




F555W 


V 


21/01/96 


200 


2 




F814W 


I 


21/01/96 


200 


2 


4570 


F336W 


u 


19/04/96 


5100 


5 




F555W 


V 


19/04/96 


400 


2 




F814W 


I 


19/04/96 


460 


2 



Column (4) lists the total exposure time per filter. Col- 
umn (5) gives the number of exposures per filter. 



2 HST MULTI-COLOUR PHOTOMETRY 

In this section we describe the observations (Section 2.1), 
the reduction (Section 2.2) and the parameterization of the 
broad-band WFPC2 images. We derive multi-Gaussian de- 
compositions (Section 2.3) and standard isophotal param- 
eters (Sections 2.4 and 2.5). We also subtract a pure el- 
liptical model from the observations to emphasize the disc 
structures (Figure 6). 

2.1 Observations 

We obtained U, V and / band images of NGC 4342 and 
NGC 4570 using the HST/WFPC2 as part of our GO- 
project #6107. A detailed description of the WFPC2 can be 
found in the HST WFPC2 Instrument Handbook (Burrows 
et al. 1995). The nuclei of the galaxies were centred in the 
Planetary Camera chip (PCI), which consists of 800 x 800 
pixels of 0.0455" x 0.0455" each. Exposures were taken with 
the broad band filters F336W, F555W and F814W; these 
correspond closely to the Johnson U and V bands, and the 
Cousins I band, respectively. In each band several separate 
exposures were taken. Table 2 lists the log of the observa- 
tions. All exposures were taken with the telescope guiding 
in fine lock, yielding a nominal pointing stability of ~3 mas. 
Since there was no danger of saturation, the analogue-to- 
digital gain was set to its low setting of 7.12 electrons/DN 
(where DN is the number of counts). The CCD read-out 
noise was 5.24 electrons; the dark rate was only 0.003 elec- 
trons pixel" sec" ^. 
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2.2 Reduction 



The images were calibrated with the standard 'pipeline' 
that is maintained by the Space Telescope Science Institute 
(STScI). The reduction steps, including e.g., bias subtrac- 
tion, dark current subtraction and flat-fielding, are described 
in detail by Holtzman ct al. (1995a). 

Subsequent reduction was done using standard IRAF 
tasks. With the V- and 7-band filters, two separate frames 
were obtained for each galaxy within one HST orbit. These 
frames were offset from each other by 11 x 11 pixels. This 
allows removal of chip defects, such as hot pixels and bad 
columns, as well as cosmic rays. After shifting over an in- 
teger 11x11 pixels, we checked the alignment of the two 
frames by measuring the positions of a number of globular 
clusters present on the PCI. The alignment was found to be 
better than 0.05 pixels. For the (7-band images, 4-5 sepa- 
rate exposures were available with different exposure times. 
Frames obtained in difi^erent orbits where offset from each 
other by an integer 11 x 11 pixels. Once again we used glob- 
ular clusters to determine the offsets, and found them to be 
accurate at the 0.05-pixel level. Therefore, we could align 
the frames by shifting over integer pixels, without the need 
for interpolation. Registered frames for the same galaxy and 
filter were combined with cosmic-ray rejection. A constant 
background was subtracted from all combined frames, as 
measured at the boundaries of the WF2 CCD, where the 
galactic contribution is negligible. 

In order to convert the raw counts in the F336W, 
F555W and F814W frames to Johnson U and V, and 
Cousins I band magnitudes, respectively, we performed a 
fiux calibration following the guidelines given by Holtzman 
ct al. (1995b). The equations that convert counts to U, V 
and / surface brightness magnitudes include U — V and V — I 
colour terms. We approximated those by the average values 
found for ellipticals. After the photometric calibration, we 
calculated the U — V and V — I colours from our images, 
and iterated the calibration until the colours had converged. 

For the J7-band, two further corrections are required. 
First, photometry in the UV is sensitive to the presence 
of contaminants on the CCD. There is a linear behaviour 
between the light being lost due to those contaminants and 
the day since the last decontamination of the CCD. We used 
the formula of Holtzman et al. (1995b), and applied correc- 
tions of 0.0070 and 0.0119 magnitudes to the zero-points of 
the F336W images of NGC 4342 and NGC 4570, respec- 
tively. Secondly, the UV filters have a considerable red leak. 
Table 6.5 in the WFPC2 Instrument Handbook gives an es- 
timate for the percentage of red light leaking through the 
filter for a number of stellar spectra. Since early-type galax- 
ies consist mainly of latc-typc stars, we estimate that 2 T5% 
of the light falling through the F336W filter is coming from 
wavelengths around 7500 A. We assumed that 8% of the fiux 
through the F336W filter is due to the red leak, and in- 
creased the U-band photometric zero-point by 0.0905 mag- 
nitudes. Wc estimate that our final photometric accuracies 
are < 0.02 magnitudes for the V- and /-band, and < 0.08 
magnitudes for the [/-band (mainly due to uncertainties in 
the amount of red leak). 
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Figure 1. The dots show measurements of the encircled energy 
of the PSF, as a function of radius, for the HST Planetary Camera 
(PC) with the F555W filter. The solid line is the encircled energy 
of the model PSF used in the MGE method. This is a sum of 5 
circular Gaussians. 



2.3 Multi-Gaussian fitting 

The HST point-spread-function (PSF) has improved signifi- 
cantly with the 1993 refurbishment mission. Figure 1 shows 
measurements of the encircled energy curve for the F555W 

fihcr and the PC CCD (Holtzman ct al. 1994). The FWHM 
of the PSF is only ~0.l". However, the PSF wings are still 
very broad; several percent of the light is scattered more 
than 1 arcsec away. Since the luminosity profiles of NGC 
4342 and NGC 4570 are strongly peaked towards the cen- 
tre, PSF convolution still has a considerable degrading ef- 
fect. Deconvolution therefore remains essential to obtain 
the maximum amount of information from our images. We 
have explored two methods of PSF deconvolution: the Multi 
Gaussian Expansion (MGE) method (this section), and di- 
rect Richardson-Lucy deconvolution (Section 2.4). 

The MGE method was developed by Monnet, Bacon & 
Emsellem (1992). It builds a model for the galaxy, while 
deconvolving for the effects of PSF convolution at the same 
time. The method assumes that both the PSF and the de- 
convolved (i.e., intrinsic) surface brightness distribution of 
the galaxy can be approximated by a sum of Gaussians. 
Each Gaussian is parameterized by 6 parameters: the cen- 
tre (xi, Hi), the position angle, the flattening qi, the standard 
deviation cr,, and the central intensity We approximated 
the HST V^-band PSF as the sum of 5 circular (i.e., q = 1) 
Gaussians, chosen so as to flt the observed encircled energy 
curve (Figure 1). Using this PSF model we derived the pa- 
rameters of the N Gaussians that describe the deconvolved 
surface brightness, by fitting to the HST F-band galaxy 
images. Since both the PSF and the deconvolved surface 
brightness arc assumed to be sums of Gaussians, the convo- 
lution is analytical. In the fitting we forced each of the N 
Gaussians to have the same position angle and centre (i.e., 
the MGE model is assumed to be axisymmetric) . There- 
fore, the model is described by SAT -|- 3 free parameters, 
which are fit simultaneously to the images using a global 
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Figure 2. Contour maps of the WFPC2 V-Band images of NGC 4342 and NGC 4570 (without PSF deconvolution), at two different 
scales: 20" x 20" (plots on the left) and 4" x 4" (plots on the right) . Contours of the best-fitting MGE models are superimposed. 



bidimensional fitting process. More and more components 
are added until convergence is achieved (for details on the 
MGE method, see Emsellem, Monnet & Bacon, 1994). We 
found our fits to converge for iV = 11 Gaussian components, 
for both NGC 4342 and NGC 4570. 

The results are shown in Figure 2, which displays con- 
tour maps of the HST V-band images, with superimposed 
the best fitting MGE-models. In general the fits are ex- 
cellent. For NGC 4342 a small discrepancy is seen on the 
outside. This is due to the fact that the isophotes of this 
galaxy twist slightly at large radii (see Section 2.5), which we 
ignore by forcing the position angles of the different Gaus- 
sians to be the same. In both galaxies there is a clear multi- 
component structure: the isophotes are highly flattened and 
discy at the outside (due to the outer disc) , less flattened at 



intermediate radii (r ^ 1"), where the bulge is dominating 
the light, and again very elongated and discy close to the 
centre, due to the nuclear disc. The parameters of the MGE 
models are listed in Table 3. 



2.4 Luminosity profiles 

Richardson-Lucy iteration (Lucy 1974) provides an alterna- 
tive PSF deconvolution method. For this, accurate knowl- 
edge of the PSF is required. We calculated model PSFs ap- 
propriate for each given filter and position of the nucleus on 
the PCI CCD, using the Tiny Tim software package. Since 
our observations were made while guiding in fine lock, no 
corrections for telescope jitter were necessary. 

We used the Richardson-Lucy algorithm to deconvolve 
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Table 3. Parameters of MGE models for the deconvolved V-band surface 
brightness 





NGC 4342 






NGC 4570 










^ I 


Ht 


7. 




Oa 
H% 




^JjQpc ) 






^1-10PC ) 






1 


3136240.0 


0.02 


0.119 


1755160.0 


0.02 


0.158 


2 


95319.8 


0.08 


0.841 


61238.0 


0.09 


0.800 


3 


42954.3 


0.26 


0.632 


21526.4 


0.23 


0.748 


4 


48520.9 


0.36 


0.136 


21589.3 


0.26 


0.140 


5 


17155.4 


0.42 


0.848 


11285.3 


0.51 


0.780 


6 


4930.9 


0.72 


0.521 


5728.7 


0.60 


0.120 


7 


8657.3 


0.79 


0.840 


7911.9 


1.11 


0.809 


8 


3207.9 


1.80 


0.759 


3800.5 


2.73 


0.635 


9 


2154.3 


3.89 


0.275 


1624.8 


4.20 


0.700 


10 


1085.9 


9.11 


0.270 


1095.8 


12.88 


0.350 


11 


219.1 


9.61 


0.836 


334.4 


17.12 


0.583 



Column (1) gives the index number of eacii Gaussian. Columns (2) and (5) 
give its central surface brightness, columns (3) and (6) give its standard de- 
viation, and columns (4) and (7) give its flattening. 
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Figure 3. The projected V-band surface brightness profiles (in mag arcsec"^) of the Lucy-deconvolved (open circles) and 
MGE-deconvolved (crosses) images of NGC 4342 and NGC 4570. Agreement between the two methods of deconvolution is excel- 
lent. Profiles along both the major and the minor axes are shown. The excess light along the major axes clearly reveals the 'double-disc' 
structure in both galaxies. The minor axis profiles show that the bulges have a luminosity profile similar to that of low-luminosity 
elliptical galaxies, with very steep cusps. 



the V^-band images of NGC 4342 and NGC 4570; 20 itera. 
tions were found to be sufficient for convergence. We subse- 
quently derived the luminosity profiles along the major and 
minor cixes, using the isophote fitting procedure described 
below (Section 2.5). The resulting F-band surface bright- 
ness profiles are shown in Figure 3 (open cicrles). The dif- 
ference between the major and minor axis profiles clearly 
reveals the excess light due to the rmclear and outer disc 
components. The minor axis profiles, which have a neg- 
hgible contribution of disc fight, show a double power-law 
behaviour for the bulge luminosity distribution, with a steep 
cusp. Sucii profiles are characteristic for low luminosity ellip- 
ticals (Gebhardt et al. 1996). The bulge luminosity profiles 
will be further discussed by Scorza & van den Bosch (1997). 

The crosses in Figure 3 correspond to the same luminos- 
ity profiles but now determined from the MGE model of the 



intrinsic (i.e., deconvolved) surface brightness, again using 
the isophote-fitting procedure. The agreement with the lu- 
minosity profiles derived from the Lucy-deconvolved images 
is excellent. Small discrepancies can be seen at the out- 
side. These are related to the discrepancies seen in Figure 2 
and originate from neglecting the small amount of isophote 
twisting, when constructing the MGE models. 

2.5 Isophotal analysis 

We derived the ellipticity and position angle of the isophotcs, 
as a function of radius, for each colour and each galaxy, from 
the non- deconvolved images. In addition, the sin and cos 
?>9 and AO terms were derived that describe the high-order 
deviations of the isophotes from pure ellipses (e.g., Lauer 
1985; Jedrzejewski 1987; Bender, Dobereiner & MollenhofF 
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Figure 4. The isojjhotal parameters as a function of log(r£wiius) , for the V- and /-band images of NGC 4342. Both the ellipticity and 
the cos 49-term clearly reveal the double-disc structure. 




Figure 5. Same as Figure 4, but now for NGC 4570. 
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Figure 6. Contour maps of the V-band residual images of NGC 4342 (left) and NGC 4570 (right), obtained after subtraction of perfectly 
elliptical galaxy models. The images were rotated to align the major axis of each galaxy with the x-axis. Highly flattened nuclear discs 
are clearly visible inside the central arcsec. Only positive contours are plotted for clarity. The apparent central point sources are artifacts, 
due to the limited radial extent of the galaxy models that were subtracted. The features 'A' and 'B' in NGC 4570 are both at 1.7" from 
the centre, and will be discussed elsewhere. The feature marked 'G' is a globular cluster. 



1988). For a pure ellipse, those coefficients are all equal to 
zero. Positive cos 40 terms correspond to 'discy' isophotes, 
whereas 'boxy' isophotes give rise to negative values of the 

cos 40 term. 

The results for the V- and /-band images are shown in 
Figures 4 and 5. Again, the double-disk structure of both 
galaxies is clear: the isophotes are highly flattened and discy 
at the outside (r > 1"), moderately flattened and nicely el- 
liptical at intermediate radii (r « 1"), and again strongly 
elongated and discy inside 1". At radii inside ~0.5", the 
measured parameters are not a reliable representation of 
their intrinsic values, due to the convolution with the HST 
PSF. 

For both galaxies, there is almost no difference be- 
tween the V- and /-band parameters. The same appears 
to be true for the J7-band parameters (not plotted here), 
although these are noisier due to lower S/N . Except for the 
cos 40 term, all other high-order terms that express devia- 
tions from elliptical isophotes are close to zero. For both 
galaxies the position angle is close to constant, although in 
NGC 4342 there is a mild, but significant twist of a few 
degrees. Comparison with the isophotal parameters derived 
from Lucy deconvolved F555W images obtained with the PC 
before the HST refurbishment (van den Bosch ct al. 1994) 
generally shows good agreement, with one exception. The 
pre-refurbishment images revealed strange 'wiggles' in the 
higher order terms of the Fourier expansion, interpreted by 
van den Bosch et al. (1994) as indicative of a patchy dust 
distribution. However, from the WFPC2 images presented 
here no such evidence for dust is found. It therefore seems 
likely that the pre-refurbishment images suffered from insuf- 
ficiently corrected measles due to contaminants. 



Michard (1994) showed that the inner isophotes of 
strongly flattened gala^xies containing a sharp central feature 
are distorted in the process of convolution and subsequent 
deconvolution, in a way that can mimic the presence of a 
nuclear disc. Michard therefore suggested that the nuclear 
discs inferred from isophotal analysis of deconvolved images 
could be merely an artifact of the deconvolution procedure. 
Van den Bosch et al. (1994) found similar deconvolution 
induced distortions from tests performed on model galax- 
ies and concluded that the isophotal parameters inside 0.5" 
(e.g., five times the FWHM of the PSF) indeed could not 
be trusted. Their evidence for the presence of nuclear discs 
was therefore based solely on the photometry outside 0.5". 
The new data presented here clearly shows the nuclear discs 
in NGC 4342 and NGC 4570 even in data that are not de- 
convolved (Figures 2, 4 and 5). This proves incontrovertibly 
that the nuclear discs are real structures. 

In order to reveal more clearly the nuclear discs, we 
constructed residual V-band images by subtracting a model 
image that has the same luminosity and ellipticity profile 
as the real image, but is taken to have perfectly ellipti- 
cal isophotes. These residual images reveal the structures 
that are responsible for the higher-order deviations from per- 
fectly elliptical isophotes. Contour maps of these images arc 
shown in Figure 6. We only show the inner 3" x 3" regions 
where the nuclear discs clearly stand out. The models that 
were subtracted from the images are based on the isophotal 
parameters outside 0.1"; inside that radius no meaningful 
isophotes can be fitted. As a resulting artifact, the residual 
images show a central point source in addition to the nuclear 
discs. The residual image of NGC 4570 reveals, besides the 
nuclear disc, two unresolved features, marked 'A' and 'B'. 
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These features are both at 1.7" offset from the centre, and 
are perfectly aligned with the nuclear disc. The nature of 
these features is discussed in van don Bosch & Emsellem 
(1997). The feature marked 'G' is a globular cluster. 

3 GROUND-BASED SPECTRA 

We obtained high-S/iV, ground-based, long-slit spectra of 
NGC 4342 and NGC 4570, with a spatial resolution of ~1", 
using the 4.2m WHT on La Palma. In this section we de- 
scribe the observations (Section 3.1), the reduction (Sec- 
tion 3.2), the seeing PSF of the observations (Section 3.3), 
and our observations of a library of template stars for use 
in the kinematical analysis (Section 3.4). 

3.1 Observations 

The observations were done in March 1994 with the 
WHT/ISIS spectrograph. With ISIS two spectra are ob- 
tained simultaneously, on the red and blue arms of the spec- 
trograph. On both arms we used the high rcsohitiou gratings 
with 1200 lines/mm. The red arm was centred around the 
Ca II triplet (8498, 8542, 8662A), while the blue arm cov- 
ered the Mg h triplet (5167, 5173, 5184A). The blue spectra 
were irreparably disturbed by an internal reflection ('ghost') 
and will not be further discussed. 

On the red arm we used a Tek CCD of 1124 x 1124 
pixels. Each pixel measures 0.36" by 0.4lA. All spectra were 
obtained with a slit width of 1", which is roughly equal to 
the average seeing. The instrumental resolution, expressed 
as the Gaussian dispersion of spectral lines in the arc lamp 
frames, was 9kms~^. 

The galaxy exposures were split into consecutive expo- 
sures of typically 20-30 minutes. Before each galaxy expo- 
sure we took exposures of arc lamps to allow accurate wave- 
length calibration. Bias frames, tungsten lamp flats and sky 
flats were taken during twilight. We also took spectra of 
a spectro-photometric standard, to allow correction for the 
wavelength sensitivity of the CCD (sec Section 3.2). A log 
of the galaxy observations is given in Table 4. 

Guiding during each exposure was done with a TV 
camera with a Johnson V-band filter. Differential atmo- 
spheric refraction can play an important role, because the 
V-band central wavelength (Aeon ~ 5500A) is offset con- 
siderably from the central wavelength of our red spectra 
(Acen = 8580A). This results in an offset of the slit from the 
intended position on the galaxy that was selected with the 
TV camera. These offsets can be calculated and are listed 
in Table 4. Note that for the 'offset exposure' of NGC 4570 
we aimed for an intentional offset of 1.5", perpendicular to 
the major axis. However, due to the atmospheric refraction 
the real offset only amounted to 0.94". Differences in atmo- 
spheric refraction over the observed spectral range (8390- 
8770A) are at most 0.03", and can be neglected. 

3.2 Reduction 

All spectra where reduced using IRAF. The bias level was 
determined from the overscan columns and subtracted. For 
each night two flat-field frames were created. The tung- 
sten flats were used to create one high-S/N flat-field that 
shows the pixel-to-pixel sensitivity variations of the CCD. 



Table 4. Log of long-slit WHT observations 



NGC 


slit pos. 


PA 


slit 


s 


cxp 


airmass 


off 








(") 


(") 


(min) 




(") 


4342 


major axis 


347 


1.0 


0.80 


90 


1.10 


0.15 




minor axis 


257 


1.0 


0.95 


90 


1.52 


0.24 


4570 


major axis 


159 


1.0 


1.10 


80 


1.12 


-0.22 




offset axis 


159 


1.0 


1.05 


70 


1.38 


0.94 




minor axis 


249 


1.0 


1.70 


60 


1.19 


0.17 



Column (3) gives the position angle of the slit in degrees. The slit 
width is given in column (4). Column (5) gives the seeing FWHM S, 
defined as in Section 3.3. The exposure time is given in column (6), 
and the airmass during each exposure in column (7). Column (8) 
gives the offset of the slit from the centre, corrected for differential 
atmospheric refraction. 

The spectra of the twilight sky were used to construct a 
high-S/N flat-field that shows the large scale illumination 
pattern due to vignetting of the slit. Both flat-fields were 
normalized and divided into all spectra. 

Cosmic rays were removed from all frames by interpo- 
lating over high-fj deviations, as judged from Poisson statis- 
tics and the known gain and read-out noise of the detector. 
The wavelength calibration was done using the arc-lamp 
frames. Spectra were rebinned using the resulting wave- 
length solution, both in the spatial direction (to align the 
direction of dispersion with the rows of the frames), and 
in logarithmic wavelength. The latter was done to a scale 
of 11.076 km s-Vpixel, covering the wavelength range from 
8390A to 8770A. Subsequently, we determined the sensi- 
tivity as a function of wavelength from the spectra of the 
spectro-photometric standards, and corrected all spectra for 
these sensitivity variations. All exposures of the same galgixy 
and slit position were added. Sky spectra were determined 
from the data beyond 90" from the centre of the slit, and 
were subtracted. Template star frames (see Section 3.4), 
were summed along columns to yield one high-S/N spec- 
trum for each star. 

3.3 Seeing estimates 

7-band images of photometric standard fields were taken 
during the observing run using the Cassegrain focus Auxil- 
iary Port of the WHT. The detector used was a EEV CCD 
with 0.10" X 0.10" pixels. The images were bias subtracted, 
fiat-fielded, and cleaned of cosmic rays. 

The shape of the seeing PSF was determined using 
bright stars on these images. For all images obtained 
throughout the run, the shape could be well described by 
a sum of two Gaussians: 

PSF(r) = Aie"'"'/^'"! + Aze"'''/^'^^ ^ (i) 

with fixed ratios of the dispersions, cr2/iTi = 1.65, and am- 
plitudes, A2/A1 = 0.22, of the two components. The PSF 
is normalized for Ai = 0.09897/cri, and is fully specified by 
its FWHM £• = 2.543(71. 

The auto-guider camera provides an independent mea- 
sure of the seeing FWHM, 5auto, during each exposure. 
However, this measure docs not necessarily take the full 
PSF shape (equation 1) into account. In addition, the auto- 
guider was equipped with a V^-band filter, whereas our Ca 
II triplet spectra fall in the /-band. We therefore calibrated 
the autoguider FWHM estimates, by comparing them to 
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Table 5. HST/FOS observations: log and kinematical results 



id. 






yap 


^cxp 


Intensity 


7 






AV 




Act 






^arcscc J 


f arcscc) 




(counts / scc^ 






(kms~^) 


(kms~^) 


( km s ^ 


( km s ^ 


Al 




—0.014 


—0.010 


1000 


1421.1 


1.132 


0.079 


—0.2 


30.8 


418.3 


32.7 


A2 




+0.236 


—0.010 


1190 


746.3 


1.165 


0.091 


+188.2 


25.5 


321.1 


33.3 


A3 




—0.264 


—0.010 


1200 


714.4 


1.281 


0.089 


-202.1 


21.1 


308.2 


26.8 


A4 




+0.486 


—0.010 


990 


407.6 


1.025 


0.174 


+239.8 


55.0 


312.7 


53.5 


A5 




—0.514 


— 0.010 


900 


384.3 


1.285 


0.152 


—253.7 


25.1 


237.5* 


23.9 


A6 




+0.098 


+0.214 


500 


456.6 


1.447 


0.185 


+111.0 


49.0 


327.2 


50.2 


A7 




-0.126 


-0.234 


570 


521.4 


1.152 


0.177 


-185.2 


73.0 


391.9 


101.0 


Bl 


NGC 4570 


-0.011 


-0.052 


810 


866.5 


1.147 


0.082 


+35.8 


25.0 


249.4 


31.9 


B2 




+0.239 


-0.052 


450 


434.9 


1.335 


0.158 


-4.1 


31.7 


217.6 


38.0 


B3 




-0.261 


-0.052 


450 


446.6 


1.323 


0.162 


-119.7 


41.0 


205.8 


38.9 


B4 




+0.489 


-0.052 


450 


273.7 


0.990 


0.168 


+104.2 


27.7 


121.7 


46.9 


B5 




-0.511 


-0.052 


450 


267.3 


1.073 


0.159 


-108.9 


39.9 


170.8* 


20.6 


B6 




-0.011 


+0.198 


450 


360.8 


1.279 


0.162 


+79.3 


34.2 


183.3 


41.5 


B7 




-0.011 


-0.302 


450 


306.3 


1.466 


0.230 


+102.4 


78.5 


332.9 


78.2 



Column (1) gives the label for the spectrum used in the remainder of the paper. Columns (3) and (4) give the aperture position in a {x,y) 
coordinate system centred on the galaxy, and with x along the major axis. Column (5) gives the exposure time. In Column (6) we list 
the observed intensity, integrated over the wavelength range covered by the grating. Columns (7)-(12) give the results of the kinematical 
analysis and their errors; 7 is the line strength, V^ot the rotation velocity, and a the velocity dispersion. Asterisks indicate dispersions that 
where used as reference dispersions (see Appendix A). 



the FWHM values, 5'imagc, inferred from double- Gaussian 
fits to the images of bright stars on the /-band Auxihary 
Port exposures. This yielded Simage/^auto 1-0, indicating 
that Sauto can be used directly as an estimate of the true 
/-band seeing FWHM. The FWHM values S in Table 4 list 
the seeing FWHM thus obtained for each of our spectra. 

As a consistency check, we convolved the Lucy-decon- 
volved /-band HST image of NGC 4342 with the PSF of 
equation (1), for different test values of the FWHM S. We 
subsequently overlaid a slit (with the same width and posi- 
tion angle as for the WHT spectra), and binned into pixels 
of the appropriate size. This profile was then compared to 
the observed intensity profile along the slit for each of the 
spectra. In all cases we found the best-fitting values of S to 
be consistent with the FWHM values listed in Table 4. 

3.4 Template spectra 

To infer stellar kinematical quantities from the galaxy spec- 
tra, they must be compared to a template spectrum. It 
is important to choose a template that closely matches the 
'average' spectrum of the stars in the galaxy (without kine- 
matical Doppler broadening), to minimize possible system- 
atic errors (e.g., van dcr Marel et al. 1994). Most of the 
visible light of elliptical galEixies comes from stars on the gi- 
ant, asymptotic, and horizontal branches, and their spectra 
are therefore comparable to those of G and K giants. The 
spectrum of a single K giant star generally makes a reason- 
able template, but not an ideal one, because galaxies are 
made up of stars of different stellar types. We therefore ob- 
served 13 template stars with spectral types ranging from F7 
to MO. All these spectra were taken with the same instru- 
mental setup as the galaxy spectra, and were reduced in the 
same way. Wc used this template library to determine the 
mix of template stars that best matches the galaxy spectra. 
We assume that there are no strong changes in stellar popu- 
lation over the galaxy, and we therefore determined only one 



optimal template spectrum per galaxy. For this purpose we 
summed the spectra along the major axes of NGC 4342 and 
NGC 4570 inside the inner 1", to yield one high-5/iV spec- 
trum per galaxy. We then used a method similar to a 'biased 
random walk', in order to search for the optimal template 
that consists of a weighted sum of the stellar spectra in the 
library (van der Marel 1994). 

4 HST SPECTRA 

In this section we discuss the high spatial resolution spectra 

obtained with the HST/FOS. We describe the observations 
(Section 4.1), the target acquisition (Section 4.2), the reduc- 
tion (Section 4.3), the wavelength calibration (Section 4.4), 
and our choice of template spectrum for use in the kine- 
matical analysis (Section 4.5). A detailed description of the 
FOS can be found in the HST/FOS Instrument Handbook 
(Keyes et al. 1995). 

4.1 Observations 

We obtained spectra of NGC 4342 and NGC 4570 with the 
HST/FOS, using the circular 0.26" diameter aperture (the 
so-called FOS 0.3 aperture) and the G570H grating. This 
grating covers the wavelength range from 4569 to 6818A, 
and has a dispersion of 4.37A per diode. The main absorp- 
tion lines in this spectral range are the Mg b triplet (5167, 
5173, 5184A) and the Na D lines at 5892A. The spectra were 
quarter-stepped, yielding 2064 1/4-diode pixels of 1.09A. For 
each galaxy, 7 spectra were taken at different aperture posi- 
tions, as illustrated in Figure 7 and summarized in Table 5. 

4.2 Target acquisition 

Some form of target acquisition is required to properly po- 
sition the galaxy in the 0.26" aperture. We used the 'peak- 
up' acquisition mode to centre the aperture on the nucleus 
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Figure 7. Aperture positionings for the HST/FOS spectra. The 
labels are as in Table 5. 




Offset from center [arcsec] 

Figure 8. The aperture transmission for a star in the circular 
0.26" aperture (nominal size), as a function of its distance from 
the aperture centre. Data points are from Evans (1995). The 
relative throughput is normalized to 1.0 for a star centred in the 
circular 0.86" diameter aperture (the FOS 1.0 aperture). The 
solid line is our model fit, which assumes a PSF that is a sum of 
three circularly symmetric Gaussians, and an aperture diameter 
of 0.238". 

of each galaxy; spectra at offset positions were obtained by 
slewing the telescope from this position. Pointing drifts dur- 
ing the observations are generally not significant (< 0.03"; 
Keyes et al. 1995). The acquisition consists of different 
stages. In each stage the total flux through an aperture is 
measured for a grid of aperture positions. The telescope is 
then centred on the aperture position with the highest flux. 
In each subsequent stage a smaller aperture is used with a 
tighter grid (smaller inter-point spacings), thus increasing 
the accuracy of the target positioning. We used different 
target acquisition patterns for NGC 4342 and NGC 4570. 
For NGC 4570, the flnal stage consisted of a 3 x 3 grid with 
0.1" inter-point spacings, using the circular 0.26" aperture. 
This yields an expected pointing accuracy < 0.08" (Kcyos 
et al. 1995). For NGC 4342, a 5 x 5 grid with 0.052" inter- 
point spacings was adopted, again using the 0.26" aperture, 
yielding an expected pointing accuracy < 0.04". 

Precise knowledge of the aperture positions is of great 
importance when interpreting the data and comparing it 



to models. We therefore modeled the observed fluxes in 
the flnal peak-up stage to verify the success of the target 
acquisition. We denote the offset of the true galaxy centre 
from the grid position that produced the most counts in 
the final peak- up stage by {Ax, Ay). Here x is along the 
major axis of the galaxy. We adopt the MGE-model for 
the y-band WFPC2 data to describe the intrinsic surface 
brightness distribution of each galaxy. For a given offset 
(Aj,, Aj,), one may calculate the predicted flux at each grid 
point in the final peak-up stage, taking into account the 
HST/FOS PSF and the aperture size. These predictions 
can be compared to the observed fluxes, and the best-fitting 
offset {Ax, Ay) can be determined using x^-minimization. 
The result describes the accuracy of the target acquisition. 

To properly model the observations one must know the 
spatial convolution kernel due to the combined effects of 
the HST/PSF and the aperture size, neither of which has 
been particularly well calibrated previously. We therefore 
performed a new calibration of these quantities, using ex- 
isting observations obtained by Evans (1995). This follows 
the approach of van der Marel et al. (1997), who did the 
same for the small square FOS apertures. Evans measured 
the throughput of the 0.26" diameter for a star positioned 
at various distances from the aperture centre, as shown in 
Figure 8. We fitted these data under the assumption of a 
purely circular aperture, and a PSF that can be described 
as the sum of circularly syrnrnetric Gaussians. No good fit 
could be obtained if the aperture diameter was kept fixed 
at its nominal value of 0.26". This cam be due either to the 
fact that our model ignores the effects of diffraction at the 
aperture edges, or because the aperture does in fact have a 
different diameter than its nominal value. An excellent fit to 
the calibration observations could in fact be obtained (solid 
curve in Figure 8) if the aperture diameter was treated as a 
free parameter, yielding a value of 0.238". The solid curve 
in Figure 8 shows the fit under the assumption that the PSF 
can be described by the sum of three Gaussians. The ques- 
tion whether the true aperture diameter is 0.26" or 0.238" is 
not relevant here; the diameter enters into the analysis only 
through the kernel that describes the combined effect of the 
PSF and the aperture size. This kernel is adequately fit by 
our model, independent of what the actual aperture size is. 

The peak-up data for the final stage of the NGC 4342 
target acquisition are shown in Figure 9. It displays the 
count rate measured at each of the 25 positions in the 
5x5 grid at which the 0.26" aperture was placed. The 
curve shows the predictions of our best-fit model, which 
provides an excellent fit. It has an offset {Ax, Ay) of only 
(-1-0.014", +0.010"). Similar models for the NGC 4570 data 
indicate a somewhat larger offset of (-1-0.011", -1-0.052"). 
From a number of experiments we estimate the errors on 
our determination of Ax and Aj, to be smaller than 0.005". 
Thus the peak-up acquisitions worked well for both galaxies, 
and our models yield the precise positions of the apertures 
to high accuracy. 

4.3 Reduction 

The spectra were reduced using the standard pipeline pro- 
cedure described by Keyes et al. (1995). The pipeline flat- 
field was checked by cross-correlating it with our continuum 
subtracted galaxy spectra. A clear cross-correlation peak 
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Figure 9. Results of the final peak-up stage on the nucleus of 
NGC 4342. The 0.26" aperture was placed at the positions of 
a 5 X 5 grid on the sky, as illustrated in the inset. The data 
points show the measured counts for each aperture position, nor- 
malized to unity for the position with the maximum count rate 
(position #19). The error bars indicate the Poisson noise on the 
measurements. The solid curves connect the predictions of the 
best-fit model for these data. This model is based on convolu- 
tions of the WFPC2 V-band image, and assumes that the centre 
of NGC 4342 is offset from the centre of aperture position #19 
by —0.014" along the major axis, and —0.010" along the minor 
axis. 

at zero shift confirmed the appropriateness of the flat-field. 
The spectra were converted from counts to erg cm~^ 

using the inverse sensitivity file (IVS) for the circular 
0.26" aperture. We did not attempt to correct the calibrated 
spectra for the PSF dependence on wavelength; this only af- 
fects the continuum slope, which is subtracted in the stellar 
kinematical analysis anyway. 

4.4 Wavelength calibration 

A vacuum wavelength scale is computed by the STScI 
pipeline, based upon dispersion coefficients for the given 
grating and aperture. Due to non-repeatability of the filter- 
grating wheel and the aperture wheel, offset errors in the 
wavelength scale can occur of up to several Angstroms. 
Since we changed neither the aperture nor the grating dur- 
ing our visits, this will not aflfect the relative velocity scale 
for each galaxy. It may affect the absolute velocity scale, 
but that is of little importance. 

The FOS suff'crs from the so-called 'geomagnetically in- 
duced image motion problem' (GIMP). Although on-board 
corrections are applied to correct for this, residual effects 
still affect the wavelength scale considerably (O.ISA RMS, 
according to the HST Data Handbook). Additional wave- 
length calibration is therefore useful. For NGC 4570, one arc 
lamp spectrum was obtained after the acquisition. We used 
this spectrum to check the pipeline wavelength calibration, 
by comparing the wavelengths of the emission line centres 



to their actual vacuum wavelengths. In addition to an offset 
of ~2A (due to the non-repeatability of the wheels), a small 
non-linearity of the wavelength scale was found. We there- 
fore recalibrated the wavelength scale using the arc spec- 
trum, including an additional shift of -0.769A to correct for 
the offset between internal and external sources (Keyes et 
al. 1995). For NGC 4342, an arc lamp spectrum was ob- 
tained at the end of each orbit. The wavelength scale of 
these spectra weis found to vary by 0.35A during the visit, 
as a result of residual GIMP. The arc spectra were used 
to recalibrate the wavelength scale of each galaxy spectrum. 
For this, we used linear interpolation in time to estimate the 
wavelength scale for observations between two axe spectra. 
After wavelength recalibration, all spectra were rebinned 
logarithmically to a scale of 58.539 km s~^ /pixel, covering 
the wavelength range between 4570 and 6817A. 

We estimate the uncertainties in the final wavelength 
scale for NGC 4342 to be < 3.5 kms"^ For NGC 4570, we 
could not correct for residual GIMP variations from orbit to 
orbit, because only one arc lamp spectrum was obtained. If 
the variations of the absolute wavelength scale were of the 
same order as during the NGC 4342 visit (i.e., 0.35 A), the 
absolute velocity scales of different NGC 4570 spectra may 
vary by ~20kms~^. This may induce systematic errors in 
the rotation velocities of the same order (see Section 5.2). 

4.5 Template spectra 

To facilitate the kinematical analysis it is convenient to have 
template spectra that are observed with the same instru- 
mental setup. However, because of the time consuming tar- 
get acquisitions, only very few template stars have been ob- 
served with the FOS. Prom the HST archive we took a spec- 
trum of the Klll-star F193, which was observed with the 
same setup as our galaxy spectra under GO proposal 5744 
(PI: H.C. Ford). Unfortunately, after reducing the spec- 
trum, it was found to provide a poor match to our galaxy 
spectra. 

We therefore decided to use a template library obtained 
from ground-based observations. The library consists of 27 
stars of different spectral type, obtained by M. Franx at the 
4m telescope of the KPNO with the RC Spectrograph (see 
van der Marel Sz Franx 1993 for more details on this tem- 
plate library) . The spectra were rebinned logarithmically to 
the same scale as the galaxy spectra, and were shifted to a 
common velocity. The spectra cover the wavelength range 
4836 - 5547A. Although this range is smaller than that cov- 
ered by the FOS spectra, it is centred on the Mg b triplet 
(~5170A), which is the most useful wavelength range for 
stellar kinematic analysis. The other strong feature in the 
FOS spectra, the NaD line, can be influenced by absorption 
from the interstellar medium, and is not a good absorption 
line for kinematic analysis. 

Given the relative low S/N of the FOS spectra, we de- 
cided to construct one optimal template spectrum for each 
galaxy, rather than for each separate spectrum. For this 
purpose, we constructed a grand total spectrum of each 
galaxy, by summing all spectra at different aperture po- 
sitions. We determined the best-fitting stellar mix using 
the same method as described in Section 3.4. For both 
NGC 4342 and NGC 4570 we found the best-fitting tem- 
plate mix to consist of giants and dwarfs of spectral types 
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Figure 10. Major and minor axis stellar kinematics of NGC 4342 inferred from the WHT spectra. The panels show, from top to bottom: 
the line strength 7, the rotation velocity V, the velocity dispersion a, the RMS projected line-of-sight velocity Vrms = VV*^ + a'^, and 
the Gauss-Hermite coefficients /13 and All velocities are in units of kms~^. The scales on the abscissa are different for the major 
and minor axis data, as a result of the strong flattening of NGC 4342. 
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5 STELLAR KINEMATICAL ANALYSIS 

The accessible stellar kinematical information of galaxies is 
contained in the stellar line-of-sight velocity profiles (VPs). 
We expand each VP in a Gauss-Hermite series, following the 
approach of van der Marel & Franx (1993): 



yP{v) = la{w) 1 + ^hjHj{w) , 



j=3 



where 

a(w) = ^e"'"'', 



{v - V)/a. 



(2) 



(3) 



Here v is the Hne-of-sight velocity, Hj are the Hermite poly- 
nomials of degree j, and hj arc the Gauss- Hermite coeffi- 
cients. The first term in equation (2) represents a Gaussian 
with line strength 7, mean radial velocity V, and velocity 
dispersion a. The even Gauss-Hermite coefficients quan- 
tify symmetric deviations of the VP from the best fitting 
Gaussian, and the odd coefficients quantify anti-symmetric 
deviations. 

We determined the best-fitting VP parameters for each 
galaxy spectrum by x^-niinimization of the difference be- 
tween the galaxy spectrum and a broadened template spec- 
trum (using the Gauss-Hermite series as the broadening 
function). The fitting can be done either in Fourier space 
(e.g., van der Marel & Franx 1993) or in pixel space (e.g., van 
der Marel 1994). We adopted the latter approach, because it 



NGC 4570 

□ffsRi Ax'vt 



iSiunr Jixis 



y ^. 



= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = 

r. *i 

=1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = 


iiijiiijii jlll jlll jlll 

- 1 - 

iiiliiii II II II II nil II 


=: 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1= 

■ ■ ■ I 

=: 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 F 


-i 1 1 1 1 1 1 1 1 1 1 1 1 1 r 


: 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 : 

' 

"ill 1 1 III 1 ; 1 1 III" 


1 II 1 1 1 II ! 1 1 II 1 1 II r 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


: 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 r 


=1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = 

- mmJ^ -- 

E, , , 1 , , , 1 , , , 1 , , ,E 


=111 1 1 1 1 1 1 : 1 1 111= 

E,", , 1 , , , 1 , . , 1 ? .".E 


=: 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1= 

■ ■■ ^"11 = 

— ■ — 

-: 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1- 


-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 
=1 1 1 1 1 1 1 1 1 1 1 1 1 1 1- 


: 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 : 
- 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 - 


1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1^ 

^ ■ ■ ^ i u- 

=: 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1= 


= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 


iij i: i| III: 


1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 i: 


- i - 

zTiiliiiliiHiiFi 


ri 1 1 1 1 1 1 1 1 : 1 1 1 1 fl 


i. ^^^^i ii 

iT 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 li 


|, , , 1 , , , 1 , , , 1 , , ^ 


|j 1 1 1 1 1 1 1 1 : 1 1 1 1 |_| 
~ 1 1 1 1 1 1 1 1 ; 1 1 1 1 IT 


t: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I!! 

i fijffl^if i\ 

~ 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 ~ 



-io -ao c 20 



-m 



-1 & 5 10 



Figure 11. Same as Figure 10, but now for the major axis, offset axis (see Table 4), and minor axis of NGC 4570. 



allows straightforward masking of sky lines (which arc espe- 
cially abundant in the WHT Ca II triplet spectra) and bad 
pixel regions (e.g., due to dead or noisy diodes in the FOS 
spectra). However, we also performed Fourier-space fitting 
for all spectra, as a consistency check, and found excellent 
agreement in all cases. 

5.1 The WHT spectra 

The stellar kincmatical results obtained from the WHT 
spectra are shown in Figures 10 and 11, for NGC 4342 and 
NGC 4570, respectively, and are listed in the tables of Ap- 
pendix B. Prior to analysis, the spectra were spatially ro- 
birmcd along the slit to a S/N > 20 per lOkms^^. As tem- 
plate we used the optimal mix of stellar spectra determined 
as described in Section 3.4. 

The kinematics of both galaxies are remarkably sim- 
ilar. Each galaxy shows rapid rotation along the major 



axis, no measurable rotation along the minor axis, and a 
central peak in the velocity dispersion profile. The central 
dispersion measured for NGC 4342 is 317 km s^^; that for 
NGC 4570 is 198kms~^. The central velocity dispersion of 
NGC 4342 is extremely high. Only very few galaxies have 
central velocity dispersions, measured from the ground, that 
are larger than, or comparable to that of NGC 4342; exam- 
ples are: M87 (van der Marel 1994), NGC 3115 (Kormendy 
& Richstone 1992) and NGC 4594 (Kormendy 1988; van 
dor Marcl ot al. 1994). These galaxies are all strong candi- 
dates for harbouring a massive nuclear black hole. The latter 
two galaxies are SOs, and have rather similar kinematics as 
NGC 4342 and NGC 4570. 

The observed rotation curve shapes are typical for SO 
galaxies (e.g., Simien, Michard & Prugniel 1992; Fisher 
1997). They are steep in the centre, show a dip at inter- 
mediate radii, and then rise more gradually out to the last 
measured point. The dip is also present in the radial pro- 
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Figure 12. Major axis rotation velocities V (left) and velocity dispersions a (riglit) for tlie nuclear regions of NGC 4342 (top) and 
NGC 4570 (bottom), inferred from the HST/FOS spectra (data points with error bars). For comparison, the open circles connected by 
dashed lines show the lower-spatial resolution results from the WHT spectra. 



file of the rms-velocity, Kms = yJW^Ta^. For NGC 4342, 

the radial profile of ^3 also sliows an interesting feature. 
Although the profile is somewhat noisy, it appears tiiat /13 
changes its sign in the radial region wficrc tlio dip in the 
rotation curve occurs. This has in fact been observed in a 
number of other SOs as well (Fisher 1997). Most hkely, all 
these kincrnatical features reflect radial changes in the rel- 
ative contributions of the different structural components. 
The even Gauss-Hermite coefficient /i4, expressing symmet- 
ric deviations of the VP from a Gaussian, is never signifi- 
cantly different from zero. 

5.2 The HST spectra 

Prom the HST/FOS spectra we determined only the mean 
velocity and velocity dispersion of the best-fitting Gaussian 
VPs. The spectra are not of sufficient SjN to determine the 
deviations from a Gaussian shape. A complication in the 
kinematical analysis is provided by the fact that we must use 
a template spectrum that was obtained with a different in- 
strument (Section 4.5). This implies that the template and 
galaxy spectra do not have the same linc-spread-function 
(LSF; i.e., the observed response for a single monochromatic 
line) . The parameters V and 5 obtained from the kinemat- 
ical analysis must be corrected for these LSF differences, to 



obtain unbiased estimates for the true mean stellar velocity 
V and velocity dispersion a. The required corrections can 
be made, since the LSFs of botii tiic galaxy and template 
spectra can be measured and/or calculated. Our approach 
for this is described in detail in Appendix A. The kinemat- 
ical results obtained after correction for LSF differences are 
listed in Table 5. Figure 12 shows the results for the aper- 
tures that were centered on the major axis, as function of 
major axis distance. The systemic velocity for each galaxy 
was estimated as the mean velocity at r = 0, obtained by 
linearly interpolating the rotation curve between aperture 
positions #4 and #5. 

For NGC 4342, the FOS spectra show a much higher 
central velocity dispersion than the lower spatial resolution 
WHT spectra, uo = 418kms~^ vs. ao = 320kms~^, respec- 
tively. Also, a very steep central rotation gradient is mea- 
sured with the FOS, much steeper than that measured from 
the ground. The rotation velocity reaches Kot 200kms~^ 
at 0.25" from the centre (corresponding to 18 pc at a dis- 
tance of 15 Mpc). These observations suggest the presence 
of a strong central mass concentration in NGC 4342, pos- 
sibly a massive black hole. We will address this issue in a 
forthcoming paper through detailed dynamical models. 

For NGC 4570, the FOS results are somewhat more 
difficult to interpret. There is certainly much less of a sug- 
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gestion for a central mass concentration on the basis of the 
quahtative features of the data. The central velocity disper- 
sion is larger than measured from the ground, but only by 
a marginal amount. As for NGC 4342, the rotation curve 
is steeper than measured from the ground, but the scat- 
ter between neighbouring points (especially observations Bl 
and B2), suggests the possible presence of small systematic 
errors. No known error could be identified, but we cannot 
exclude GIMP-related wavelength offsets of several tens of 
kms~^ between different spectra (cf. Section 4.4). Such off- 
sets arc not a problem for the NGC 4342 spectra, for which 
our wavelength calibration is more accurate. 

6 STELLAR POPULATIONS 

In this section we investigate the stellar populations of 
NGC 4342 and NGC 4570, by studying broad-band colour 
images (Section 6.1) and line strengths indices (Section 6.2). 
The results are compared to models to study the age and 
metallicity of the populations (Section 6.3). This allows us 
to address the formation of the nuclear discs, and to discuss 
the evidence for either coeval or secular formation. 

6.1 Broad-band colour images 

Fisher, Franx & lUingworth (1996) presented B — Rc colour 
images of 148" x 148" for a number of close to edge-on SOs. 
They found that the B — Rc contours are flatter than the 
isophotes; i.e., whereas the colour gradients along the minor 
axis decrease outwards, the major axis colour gradients flat- 
ten out towards larger radii. Similar behaviour was found for 
the Mg2 line strength gradients. The H/3 gradients, however, 
were found to be rather flat throughout the entire galaxy. 
These findings suggest that the (outer) discs of SOs are more 
metal rich than their bulges, therewith contradicting forma- 
tion scenarios in which the bulges are formed from heated 
disc material. 

We constructed U — V and V — I colour images from 
the HST/WFPC2 data. To take into account that the PSFs 
are significantly difi^erent for the three bands, we convolved 
the [/-band image with the y-band PSF, the 7-band image 
with the 1^-band PSF, and the F-band image with either the 
U-, or 7-band PSF (using PSFs constructed with the Tiny- 
Tim software package). This approach degrades the spatial 
resolution of the colour images somewhat, but provides the 
safest way to avoid systematic colour errors near the centre. 

Figure 13 presents contour maps of the V — I colour 
images (thick contours), superimposed on contour maps of 
the V^-band images (thin contours) . The images only go out 
to ~ 10", and within this limited extent, both the bulge 
and the outer disc add significantly to the projected surface 
brightness. A determination of the colours of the individual 
components is therefore not straightforward. Nonetheless, 
our results clearly show that the colour contours are flatter 
than the isophotes. Similar results were obtained for the 
U—V images. Our results are therefore at least qualitatively 
consistent with those of Fisher, Franx & lUingworth (1996). 

Our high spatial resolution colour images are best suited 
to study population differences between the bulges and the 
nuclear discs of both galaxies. If these components had the 
same, uniform stellar population, then the flattening of the 
colour contours and the isophotes in the central arcsec would 



have to be similar. This is exactly what is observed, and 
contrasts strongly with the results at larger radii. Thus, the 
colour images do not suggest a clear difference in colour be- 
tween the nuclear discs and the central regions of the bulges 
in either of the two galaxies. However, one has to keep in 
mind that broad band colours are rather poor population di- 
agnostics (Worthey 1994), in that different populations can 
have similar broad band colours (see e.g.. Figure 15 below). 
Therefore, we cannot rule out that a more detailed analy- 
sis may yet reveal some subtle population differences. In 
Section 6.2 below we probe the stellar populations of the 
nuclear regions in NGC 4342 and NGC 4570 through their 
absorption line strengths. 

Figure 14 shows the U — V and V — I colour gradi- 
ents as a function of major axis radius. There is a marked 
difference between the two galaxies. NGC 4342 shows 
no clear colour-gradients inside ~0.3" and outside ~3". 
Around ~l" we find A{U - \/)/Alogr = -0.26 ± 0.02 and 
A{V - /)/Alogr = -0.05 ± 0.01. By contrast, NGC 4570 
shows strong gradients over the entire radial interval studied: 
A{U - l^)/Alogr ranges from -0.41 ± 0.02 at the outside, 
to — 0.21 ± 0.02 in the centre; A{V — I) /A log r has more or 
less a constant value of —0.06 ± 0.01 from the centre out to 
~20". The U -V gradient at the outside of NGC 4570 is 
extremely large as compared with those of other early-type 
galaxies (cf. Peletier 1989). 

The central reddening typical of early-type galaxies is 
generally interpreted as due to a metallicity gradient. The 
best evidence for this comes from spectroscopic measure- 
ments of absorption lines in ellipticals (e.g., Faber 1977; 
Burstein ct al. 1984; Efstathiou & Gorgas 1985; Peletier 
1989). Several studies have found a correlation between 
colour (and line strength) gradients and total luminosity. 
For low-mass galaxies {Mb > —20.5), the gradients increase 
with the total mass of the galaxy (e.g., Vader et al. 1988; 
CaroUo, Danziger & Buson 1993), consistent with the pre- 
dictions of simple models of dissipative collapse coupled with 
supernovae-induced winds (Larson 1974; Carlberg 1984; Ari- 
moto & Yoshii 1987; Matteucci & Tornambe 1987). For 
NGC 4342 and NGC 4570, the presence of both an outer and 
a nuclear disc indeed indicates that dissipation has played 
a role during their formation. The morphology of these 
galaxies is very similar, but NGC 4570 is almost 1.6 magni- 
tudes brighter. This indicates that NGC 4570 is 4.2 times 
more massive, assuming that both galaxies have a similar 
mass-to-light ratio. The finding that the colour gradients in 
NGC 4570 are larger than those in NGC 4342 is therefore 
qualitatively consistent with dissipative galaxy formation, in 
which star formation lasts longer and the onset of a galactic 
wind starts later, in higher mass galaxies. 

6.2 Line strengths 

Line strength measurements provide additional information 
about ages and metallicities that is complementary to, and 
often more accurate than, that provided by broad-band 
colours. The most commonly used spectral indices are 
those of the Lick-IDS system (Faber et al. 1985; Worthey et 
al. 1994), in particular H/3, Mg2, Mgb, Fe5270 and Fe5335. 
These are all in the wavelength range 4800-5400 A, which is 
included in the FOS spectra. The S/N of the FOS spec- 
tra was not sufficient to infer line strengths at each aper- 
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Figure 13. Contour plots of V — I (thick contours), superimposed on isopliotal V-band contours (thin contours). In both galaxies, 
the outermost colour isophote corresponds to V — / = 1.22. Subsequent contours are 0.02 mag redder. For NGC 4342, the inner four 
contours step by only 0.01 mag, in order to better sample the small colour gradient in this galaxy (see Figure 14). The colour images 
were smoothed to suppress noise, while maintaining the information in the images. At large radii, the colour contours are flatter than the 
isophotal contours. In the central region, the flattening of both contours is similar. The dents in the V — I = 1.30 contour of NGC 4570 
are caused by the relatively blue colours of the two features marked 'A' and 'B' in Figure 6 (see van den Bosch & Emsellem 1997, for a 
discussion on the nature of these features). 
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Figure 14. Major-axis U — V and V — I colour gradients, as a function of radius, for NGC 4342 and NGC 4570. The behaviour of the 
gradients is markedly different for the two galaxies. 



ture position individually, and wc therefore measured line 
strength indices from one grand-total spectrum for each 
galaxy, obtained by summing the different spectra avail- 
able for each galaxy. Two corrections have to be applied 



to these indices. First, they must be corrected for the 
broadening effect of velocity dispersion, which weakens most 
of the lines. We determined empirical correction factors, 
C(cr) = index(0)/index(cr), for each of the 5 indices listed 



Nuclear stellar discs in early-type galaxies — /. 17 




u-v u-v 

Figure 15. Colour-colour diagrams for NGC 4342 and NGC 4570. Small circles connected by solid lines show the colours for isophotes 
of different radii; the outermost isophote is indicated by an asterisk. Large symbols indicate the average colours of the nucleus (triangle), 
nuclear disc (circle) and bulge (square) . Overplotted as dotted lines are the predictions of the single- burst stellar population models of 
Worthey (1994), for a grid of age (3-17 Gyr) and metallicity ([Fe/H] = -0.25 - +0.5) values. The Unes for [Fe/H] = -0.25 and [Fe/H] 
= partly overlay each other, indicating a degeneracy between metallicity and age at low metallicities. The arrow indicates the slope of 
dust reddening for Ry = A{V)/E{B — V) = 3.1, as typical for Galactic dust. 



Table 6. Line strength indices 

NGC 4342 NGC 4570 



Mg2 

H/3 

Mgb 

Fc5270 

Fe5335 



0.338 ± 0.087 
1.52 ±0.30 
5.11 ± 0.33 
2.94 ±0.37 
3.29 ± 0.42 



0.386 ±0.015 
2.51 ±0.48 
5.32 ±0.53 
3.38 ±0.60 
3.40 ± 0.67 



Line strength indices and errors for the cen- 
tral regions of NGC 4342 and NGC 4570 

(corrected for velocity dispersion broaden- 
ing and converted to the Lick-IDS system) , 
derived from grand-total FOS spectra as 
described in the text. 



above; indox(O) is the index measured from the template 
star K193, a is the velocity dispersion of the grand-total 
spectrum derived using K193 as template, and index(CT) is 
the index of the K193 spectrum broadened with a Gaussian 
of dispersion a. Second, to be able to compare our indices 
with the Worthey (1994) stellar population models (see Sec- 
tion 6.3), they must be converted to the Lick scale. This 
is necessary to correct for differences in the spectral res- 
olution and in the spectral response function between our 
FOS data and the Lick group data. We compared the in- 
dices derived by us from the FOS spectrum of F193 with 
those obtained by the Lick group from observations of the 
same star (Worthey et al. 1994). This yields correction fac- 
tors indcx(LICK)/index(FOS) for each of the four atomic 
indices. For the molecular Mg2 index, we used the difference 
[index(LICK) - iu(lox(FOS)]. Table 6 lists the hue strength 
indices thus obtained for NGC 4342 and NGC 4570, cor- 
rected for velocity dispersion broadening and converted to 
the Lick scale. 



6.3 Comparison with stellar population models 

To address the age and metallicity of the stellar popula- 
tions in NGC 4342 and NGC 4570, we have compared their 
colours and line strengths to the single-burst stellar pop- 
ulation models of Worthey (1994). These models give the 
fluxes, colours, and line strengths of an evolving stellar pop- 
ulation, as a function of age and metallicity [Fe/H], calcu- 
lated from isochrones and model flux libraries of stars with 
a Salpeter (1955) initial mass function. 

In Figure 15 we plot l^— / vs. U—V for the two galaxies. 
Small open circles indicate results for isophotes at different 
radii; neighbouring isophotes are connected, and an asterisk 
indicates the outermost radius. Large symbols indicate the 
average colours of the nucleus (open triangle) , the nuclear 
disk (open circle) and the bulge (open square). For the nu- 
cleus we used the region inside 0.18", for the nuclear disk 
we used the region along the major axis between 0.18" and 
0.71" (which is where the nuclear discs most clearly stand 
out from the isophotal analysis, cf. Figures 4 and 5), and for 
the bulge we used the region inside 0.71", but ofi^set from 
the major axis by 0.5" — 0.6". Overplotted in Figure 15 are 
the predictions of Worthey's models for an age-metallicity 
grid, with ages between 3 and 17 Gyr, and [Fe/H] between 
-0.25 and -1-0.50. For [Fe/H] < +0.25 there is strong degen- 
eracy between age and metallicity, as the grid points crowd 
together. However, for high metal abundances the V — I 
vs. U—V diagram is a useful discriminator between age and 
metallicity effects. 

For NGC 4342, the main body of the galaxy lies close 
to the 8 Gyr, solar-mctallicity grid point. The nucleus and 
nuclear disc have (iiffcrent colours than the main body, but 
have similar colours to each other (cf. Figure 15). Their 
colours are well fit with a similar age as the main body, 
but with a somewhat higher metallicity ([Fe/H] m +0.25). 
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There is considerable uncertainty in these results though, 
since most points fall in the region of the model grid where 
there is a strong ago-motallicity degeneracy. 

The colour-colour diagram of NGC 4570 is very differ- 
ent. The colours change dramatically from the outermost 
point to the very nucleus. Whereas the outermost points 
fall outside the grid of Worthey's models, the nucleus is con- 
sistent with an 8 Gyr old population with [Fc/H] ~ +0.35. 
The run of the central isophotes in the colour-colour diagram 
has a similar slope as would be expected from reddening due 
to dust (as indicated by the arrow in Figure 15), but dust 
reddening is not likely to be the cause of the observed gra- 
dients: both the isophotes and the colour-images are very 
smooth, and no lOO/xm emission has been detected. It would 
be tempting to interpret the observed colour differences be- 
tween the nucleus, nuclear disc, and bulge as duo to changes 
in age. liowcvcr, the nuclear disc does not show up as a 
separate component in the colour images. The colour dif- 
ferences therefore most likely reflect mere changes in stellar 
population with radius from the centre, rather than differ- 
ences between separate components. 

From the line indices listed in Table 6, we can calcu- 
late the new index [MgFc], which is defined as AyMgb{Fe), 
where (Fe) = (Fe5270 -|- Fe5335)/2. This index is often used 
as a metallicity indicator (e.g., Gonzalez 1993). We derive 
log [MgFe] = 0.60 ± 0.04 and 0.63 ± 0.06, for NGC 4342 
and NGC 4570, respectively. The H/3 index is a sensi- 
tive age-indicator. Figure 16 shows H/J vs. [MgFe] for each 
galaxy, with overplotted the predictions of Worthey's stellar 
population models. The observed indices refer to the cen- 
tral region (< 0.5") of each galaxy. The models indicate 
that this central region in NGC 4342 has a high metallic- 
ity ([Fe/H] ?s -1-0.35) and an age of ~8 Gyr. This is roughly 
consistent with the ago and metallicity found from the broad 
band colours (see Figure 15). The indices for NGC 4570, on 
the other hand, fall outside the model grid. The high H/3 in- 
dex suggests a very young stellar population, whereas both 
the colours and the value of [MgFe] suggest a high metallic- 
ity. 

Although these results are suggestive, we do not wish 
to draw very strong conclusions. The error bars on the mea- 
sured line indices axe large, due to the low S/N of the FOS 
spectra. We have been careful and conservative in the de- 
termination of these errors, but note that it is very difficult 
to quantify possible systematic errors. In addition, the age 
and metallicity values inferred from the line strengths refer 
only to the nuclear region < 0.5", and not necessarily to the 
entire bulge population. Fisher, Franx & lUingworth (1996) 
have shown that the nuclear regions of SOs are typically a few 
Gyr younger than the bulk of the galaxy. Also, ages mea- 
sured from the H/3 index have to be interpreted with care. 
First, the observed H/3 index could be dominated by hori- 
zontal branch stars, rather than by main-sequence turnoff 
stars. It this case it would be more sensitive to variations in 
the initial mass function, than to variations in age. Second, 
the H/3 index is very sensitive to small numbers of young 
stars present. The relatively young age inferred for the nu- 
clear population in NGC 4570 may therefore reflect merely 
the most recent generation of stars, rather than the age of 
the entire, presumably much older generation. Indeed, van 
den Bosch & Emsellem (1997) present evidence that the cen- 
tral region of NGC 4570 has had recent star formation. A 
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Figure 16. Diagram of the age indicator H/3 vs. the metalUc- 
ity indicator [MgFe], Data points with error bars indicate the 
measurements from the grand-total FOS spectra. Overplotted as 
dotted lines are the predictions of the single-burst stellar popula- 
tion models of Worthey (1994), for a grid of age (3-17 Gyr) and 
metallicity ([Fe/H] = -0.25—1-0.5) values. 

more thorough investigation of the stellar populations of the 
separate components in NGC 4243 and NGC 4570 than pre- 
sented here will have to await additional observations of line 
indices, both at larger radii from the centre and with higher 
S/N. 

7 CONCLUSIONS AND DISCUSSION 

Small stellar discs embedded in the nuclei of early-type 
galaxies are intriguing: they contain clues about the pro- 
cess of galaxy formation, and their dynamics provide a useful 
tool to constrain the central mass distribution. We have pre- 
sented high spatial resolution photometric and spectroscopic 
data for two E/SO galaxies in the Virgo cluster, NGC 4342 
and NGC 4570, for which pre-refurbishment HST images 
showed nuclear discs in addition to larger outer discs. New 
HST/WFPC2 images confirm the existence of the nuclear 
discs, and dismiss suggestions that the earlier detections 
were artifacts of Lucy deconvolution; the new images clearly 
show the discs even without deconvolution. The decompo- 
sition of both galaxies in disc and bulge components will be 
presented in a forthcoming paper (Scorza & van den Bosch 
1997). Here we have focussed on using the multi-colour 
WFPC2 images, WHT spectra and HST/FOS spectra to 
do a first study of the stellar populations and dynamics of 
the nuclear discs. 

Broad-band colour images were constructed from the 
WFPC2 data, properly taking into account the different 
PSFs in the different bands. For both galaxies we find the 
colour contours outside ~2" to be flatter than the isophotes. 
We have also determined the radial colour gradients in 
both galaxies. The gradients in the more massive galaxy 
NGC 4570 are larger than those for NGC 4342, consistent 
with the predictions of simple models of dissipative collapse 
coupled with supernovae-induced galactic winds. All these 
results are in good agreement with those of Fisher, Franx 
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& Illingworth (1997), who studied the ages and metaUicities 
of a sample of 20 SOs, and seem to suggest that the bulges 
of SOs are not formed out of heated disc stars, but arc most 
likely the results of dissipational formation. By contrast, 
from the colour images and gradients inside ~2" we find 
no strong evidence for population differences between the 
bulges and the nuclear discs in both galaxies. 

Wo have measured line strength indices for several di- 
agnostic lines from the summed FOS spectra, to obtain ad- 
ditional stellar population information about the nuclear 
(< 0.5") components of both galaxies. Comparison with the 
single-burst stellar population models of Worthcy (1994) in- 
dicates that the central regions of both galaxies have metal- 
licities [Fe/H] « -^0.25 or larger. NGC 4342 is well fit with 
an age of ~8 Gyr. NGC 4570 has an unusually laxge H/3 
line strength, which may be suggestive of recent star for- 
mation. In van den Bosch & Emsellem (1997) evidence is 
presented that the central region of NGC 4570 has experi- 
enced bar induced secular evolution. Unfortunately, neither 
the broad band colours nor the line strength measurements 
presented here, place important constraints on possible for- 
mation scenarios for the nuclear discs. Additional observa- 
tions of line indices, both at larger radii from the centre and 
with higher S/N, axe required for a more thorough investi- 
gation of the stellar populations of the separate components 
in these galaxies. 

The WHT and FOS spectra were used to determine 
the nuclear stellar kinematics of NGC 4342 and NGC 4570. 
The dynamical structure of both gala^xies is found to be re- 
markably similar to that of other well-studied SOs, such as 
NGC 3115 (Kormcndy & Richstonc 1992), NGC 4026 and 
NGC 4111 (Simicn, Michard & Prugnicl 1993; Fisher 1997). 
The long-slit WHT spectra have high S/N and a large radial 
extent. They reveal a very centrally peaked velocity disper- 
sion profile in both galaxies. The rotation curves clearly 
show the different dynamical properties of the structural 
components identified photometrically. The single-aperture 
FOS spectra of the nuclear regions of both galaxies have 
lower S/N than the WHT spectra, but have four times 
higher spatial resolution. The FOS data of NGC 4342 show 
significantly higher velocities than the WHT data. The ob- 
served central velocity dispersion is ^^420 km s^^, compared 
to 'only' ~320kms~^ as measured from the WHT spectra. 
The rotation velocity reaches ~200kms~'^ at 0.25", imply- 
ing a much steeper rotation gradient than inferred from the 
WHT data. These observations indicate a high central mass 
density. Detailed dynamical models to be presented in a 
forthcoming paper (Cretton & van den Bosch 1997, see also 
van den Bosch & Jaffe 1997) provide strong evidence for the 
presence of a few times 10* Mq black hole in NGC 4342. 
The FOS data for NGC 4570 arc more difiicuh to interpret. 
The rotation curve is considerably steeper than measured 
from the ground, but there is some indication for possible 
systematic errors. The central velocity dispersion is larger 
than measured from the ground, but only marginally so. 
Although these data certainly do not exclude the possible 
presence of a black hole in NGC 4570, the qualitative fea- 
tures of the data do not suggest such a black hole as strongly 
as they do for NGC 4342. 
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APPENDIX A: LSF CORRECTIONS FOR THE 
HST/FOS SPECTRA 

A.l Basic equations 

For each galaxy there are seven HST/FOS galaxy spectra, 
Gi {i = 1, .., 7). Each spectrum is the convolution of the stel- 
lar velocity profile, VPi, the characteristic stellar spectrum 
of the population of the galaxy, So, and the line-spread- 
function of the observation, LSFj: 



(Al) 



We assume that each VPi is a Gaussian with mean velocity 
Vi and velocity dispersion at. The template spectrum, T, is 
the convolution of the stellar spectral mix, St, and the line- 
spread- function of the template star observations, LSFt: 



T = St ® LSFt. 

The stellar kinematical analysis minimizes 



X 



(T®VPi)]', 



iA2) 



to find the parameters Vi and a, of the best-fitting Gaussian 
broadening function VP;. It is generally assumed that there 
is no template mismatch, i.e., St = Sa- 

If the LSFs of the galaxy and template spectra are iden- 
tical, LSFj = LSFt, as is usually assumed if all^observations 
are obtained with the same instrument, then Vi and 5i are 
unbiased estimates of the true mean velocity Vi and velocity 



dispersion crj. In our case the galaxy and template spec- 
tra were not obtained with the same instrument, and hence 
the LSFs cannot be assumed to be identical. Thus, Vi and 
ffi must be corrected for the LSF differences between the 
galaxy and template spectra, to obtain proper estimates for 
Vi and CTj. 

A. 2 The HST line-spread-functions 

For HST/FOS observations one may assume (van der Marel 
1997) that the LSF for observation i, LSF,, is the convo- 
lution of the normalized intensity distribution of the light 
that falls onto the grating, Ai, and the instrumental line- 
broadening function due to the grating and the detector 
resolution, H: 



hSFi = Ai®H, 



{AA) 



The illumination function Ai is a function of the uncon- 
volved, projected light distribution of the galaxy, the aper- 
ture position, and the kernel function that describes the 
HST/FOS PSF and the aperture geometry. These are all 
known: the MGE fits in Table 3 describe the unconvolved 
light distribution, the aperture positions (xap,yap) for all 
observations are listed in Table 5, and the PSF-faperture 
kernel was derived in Section 4.2. The functions Ai can 
therefore be calculated explicitly for all galaxy observations. 

One may write for any pair of observations at positions 
i and j within the same galaxy, at least formally, 

Aj = Zji (8) Ai {A5) 

We found, as did van der Marel (1997), that the functions zji 
can be well approximated by Gaussians with mean velocity 
Vji and velocity dispersion aji. 

A. 3 Kinematical corrections 

The functions H and LSFt influence the kinematical analy- 
sis for each galaxy spectrum in exactly the same way. Their 
shape and properties therefore do not enter into the differ- 
ences between the stellar kinematics inferred from observa- 
tions at difi^erent positions i and j in the same galaxy. Since 
the convolution of two Gaussians is again a Gaussian, it is 
straightforward to show that 



Vj - Vi 
and 



V-Vi + Vi 



2 2 ~2 ~2 , ^2 
<y-i — <Ji = (Tj — Oi -\- CToj. 



(A6) 



(A7) 



So if tlK> stellar kinematics for any galaxy spectrum j are 
known o priori, then the kinematics at any other position i 
can be calculated without knowledge of either of the func- 
tions H and LSFt- 

A. 4 Reference kinematics 

Position #5 for each galaxy is located at ~0.5" from the 

galaxy center (cf. see Table 5). This position is beyond the 
region most affected by seeing in ground-based observations, 
and can therefore be used as a 'reference position' for use 
with equations (A6) and (A7). One possibility is to as- 
sume that the velocity dispersions for spectra A5 and B5 are 
known a priori, from the results of the ground-based WHT 
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observations. This yields cts = 260.7 kms"^ for NGC 4342, 
and (T5 = 173.1 km s~^ for NGC 4570. More accurate esti- 
mates for (75 can be obtained by modeling the small residual 
effect of seeing on the ground-based observations. For this 
purpose we calculated predicted kinematical quantities from 
f{E,Lz) Jeans equation models for the ground-based kine- 
matics, based on the MGE-fitted density distributions (see 
Crotton & van den Bosch 1997). We then calculated predic- 
tions for (75, by convolving the unconvolved model kinemat- 
ics with the 0.26" aperture kernel at the appropriate posi- 
tions. This yielded (75 — 237.5 km s~^ and (75 — 170.8 km s~^ 
for NGC 4342 and NGC 4570 respectively. Comparison with 
the directly observed values confirms that the effect of see- 
ing convolution at a galactocentric distance of 0.5" is only 
modest. 

The LSF corrected stellar kinematics listed in Table 5 
were obtained using equations (A6) and (A7), with the see- 
ing corrected (75 as reference value, and with Vi5 and ffis 
chosen so as to best fit equation (A5). The systemic veloc- 
ity was independently estimated and subtracted from the 
velocities as described in Section 5.2. Hence, any arbitrary 
value may be used for the reference velocity V5, because it 
only enters into equation (A6) as an additive constant. 

A. 5 Consistency check 

As a consistency check on the assumed values of (75, we also 
tried to calculate erg from the actual FOS observations. This 
can be done under the assumption that the LSFs of both the 
galaxy and template spectrum are Gaussian, with disper- 
sions (7G and (It, respectively. This is not a very accurate 
approximation, but provides a useful consistency check. It 
yields: 

(jl=al + al-<T%. (A8) 

The dispersion of the template spectrum is ctt ~ 71 kms~^ 
(at 5170A), whereas ac = 100 ± 2kms"^ (Keyes et 
al. 1995). The dispersions 5g measured directly from the 
minimization (A3) are 240.6 km s^^ and 171.5 km s~^, for 
NGC 4342 and NGC 4570, respectively. This yields with 
equation (AS) that (75 = 230.1 kms"^ for NGC 4342, and 
(Tb = 156.4 km s~^ for NGC 4570, in good agreement (within 
the error bars of the FOS data) with the values derived from 
the Jeans modeling. The reference values assumed on the 
basis of modeling of the ground-based data are therefore 
confirmed by the FOS data. 

A. 6 Analysis with an HST template 

As yet another test, we also analyzed the FOS spectra with 
an actual FOS template spectrum: the Kill star F193, ob- 
served with the same instrumental setup as our galaxy spec- 
tra. There is definite template mismatch between this stel- 
lar spectrum and our galaxy spectra, but the results should 
nonetheless be roughly consistent with those derived using 
the more appropriate ground-based template. 

In this case, the instrumental broadening function H 
(equation [A4]) is the same for the galaxy and template 
spectra. However, the template has a different illumination 
function At than the galaxy spectra. We calculated At 
assuming that the star was properly centred in the 0.26" 
aperture. In analogy with equation (A5), we subsequently 



Table Al. HST/FOS stellar kinematics: a con- 
sistency check 



NGC 4342 NGC 4570 



id. 


5v 




id. 


&v 


5a 


Al 


-0.73 


-0.41 


Bl 


-1.29 


+0.52 


A2 


+0.41 


-0.39 


B2 


-0.14 


-0.38 


A3 


-0.55 


+0.93 


B3 


+0.06 


+0.59 


A4 


-0.32 


+0.02 


B4 


-2.01 


+0.26 


A5 


+0.68 


+0.76 


B5 


-2.85 


-1.24 


A6 


-0.26 


-0.50 


B6 


-0.54 


-0.28 


A7 


-0.32 


+0.33 


B7 


-1.51 


-1.06 



The quantities 5v and 6a are the differences be- 
tween the kinematical results obtained from the 
HST/FOS galaxy spectra with: (a) a ground- 
based template that provides a good match to the 
galaxy spectra; and (b) an HST template that has 
significant template mismatch. The differences are 
expressed in units of the formal error bars. 

assumed that each Ai can be approximated as a convolution 
of At with a Gaussian. For each galaxy spectrum we found 
the best Gaussian, and convolved it with the template spec- 
trum. This results in a different template spectrum for each 
galaxy spectrum, that has the same LSF as the galgixy spec- 
trum. We refer to the stellar kinematics determined with 
these templates as V* and o* . In Table Al we list the rela- 
tive differences 5v = {V* — Vi)/AVi and 5a = {a* — ai)/Aai, 
between these results and those listed in Table 5. The agree- 
ment is satisfactory: most residuals are smaller than the 
error bars listed in Table 5 (i.e., 6 < 1). The results in Tar 
ble 5 are the more accurate ones, because they suffer less 
from template mismatch. 

The results obtained with an HST template are con- 
sistent with those derived using a ground-based template. 
This confirms that there are no large systematic errors in 
our analysis. 

APPENDIX B: WHT KINEMATICS 

The tables in this Appendix list the stellar kinematics in- 
ferred from the WHT spectra. The quantities V and a (in 

kms^^) are the mean and dispersion of best-fitting Gaus- 
sian VPs, and /13 and ^4 are the lowest-order Gauss-Hcrmite 
moments of the VPs. The kinematics inferred from the 
HST/FOS spectra are listed in Table 5. 

This paper has been produced using the Blackwell Scientific 
Publications T^jX macros. 
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Table Bl. NGC 4342 major axis 





R 


V 


AV 


(7 


Act 


ha 


Ah:) 


/l4 


Ah4 


-14, 


.235 


-238, 


,5 


9.4 


94, 


.6 


12, 


.1 


-0.111 


0.088 


0.041 


0.070 


-11, 


.218 


-223, 


,6 


6.3 


78, 


.6 


7, 


.7 


-0.040 


0.068 


-0.038 


0.056 


-9, 


.463 


-233, 


,1 


7.0 


95, 


.8 


9, 


.6 


0.042 


0.068 


0.037 


0.054 


-8, 


.222 


-231, 


.1 


8.8 


118, 


.0 


11, 


.6 


-0.052 


0.070 


0.035 


0.055 


-7, 


.147 


-216. 


.7 


6.5 


100. 


.2 


9, 


.1 


-0.003 


0.061 


0.051 


0.048 


-6 


.259 


-227, 


.8 


8.4 


109, 


.8 


11, 


.0 


0.093 


0.072 


0.003 


0.057 


-5, 


.542 


-212, 


.2 


8.3 


117, 


.9 


10 


.6 


-0.062 


0.066 


0.007 


0.052 


-4, 


.826 


-204, 


,2 


8.3 


144, 


,1 


11, 


.9 


0.114 


0.056 


0.042 


0.044 


-4, 


.109 


-190, 


,2 


7.3 


129, 


,4 


8, 


.8 


0.078 


0.050 


-0.016 


0.040 


-3, 


.580 


-155, 


,8 


9.3 


126, 


,5 


11, 


.9 


0.059 


0.065 


0.029 


0.053 


-3, 


.222 


-145, 


,9 


10.3 


152, 


,3 


13, 


.8 


0.055 


0.061 


0.038 


0.050 


-2, 


.864 


-152, 


,3 


9.5 


134, 


,9 


12, 


.7 


-0.011 


0.063 


0.046 


0.052 


-2, 


.506 


-141, 


.1 


9.5 


165, 


.3 


11, 


.1 


-0.043 


0.049 


-0.025 


0.039 


-2, 


.148 


-137, 


.6 


10.0 


180, 


.0 


13 


.4 


-0.049 


0.050 


0.024 


0.040 


-1, 


.790 


-123, 


.6 


9.4 


183, 


.8 


12, 


.8 


-0.057 


0.046 


0.031 


0.036 


-1, 


.432 


-114, 


.9 


10.1 


220, 


.5 


12 


.8 


0.001 


0.038 


0.010 


0.031 


-1, 


.074 


-135, 


,0 


6.9 


196, 


,3 


9 


.2 


-0.008 


0.031 


0.025 


0.025 


-0, 


.716 


-124, 


,6 


7.4 


243, 


,5 


9, 


.8 


0.071 


0.026 


-0.011 


0.021 


-0, 


.358 


-71, 


,2 


7.7 


292, 


,9 


10, 


.6 


0.046 


0.022 


-0.012 


0.018 


0, 


.000 


0, 


,0 


7.3 


317, 


,1 


10 


.6 


-0.026 


0.021 


-0.015 


0.016 


0, 


.358 


70, 


,5 


7.0 


276, 


,8 


9 


.5 


-0.050 


0.021 


-0.007 


0.017 


0, 


.716 


114, 


.2 


7.1 


215, 


.3 


9, 


.5 


-0.011 


0.027 


0.006 


0.022 


1, 


.074 


134. 


.1 


7.3 


197, 


.1 


9, 


.3 


0.002 


0.030 


-0.016 


0.025 


1, 


.432 


132, 


.8 


8.0 


175, 


.1 


10 


.9 


0.045 


0.038 


0.017 


0.032 


1, 


.790 


120, 


.4 


8.8 


160, 


.5 


11, 


.4 


0.041 


0.046 


0.002 


0.038 


2, 


.148 


124, 


.2 


8.7 


152, 


.2 


11, 


.1 


-0.042 


0.047 


0.006 


0.040 


2, 


.506 


154, 


.8 


8.9 


147, 


.9 


11, 


.1 


0.032 


0.050 


-0.020 


0.042 


2, 


.864 


153, 


,3 


10.1 


147, 


,0 


12, 


.2 


-0.062 


0.056 


-0.012 


0.047 


3, 


.222 


158, 


.6 


9.3 


139, 


,1 


11, 


.2 


-0.039 


0.055 


-0.016 


0.045 


3, 


.580 


158, 


.3 


10.1 


135, 


,9 


12, 


.5 


-0.008 


0.063 


-0.014 


0.052 


4, 


.109 


178, 


.7 


6.8 


121, 


.0 


9, 


.1 


-0.094 


0.050 


0.020 


0.041 


4, 


.826 


189, 


.7 


6.6 


101, 


.2 


9, 


.2 


-0.123 


0.059 


0.040 


0.047 


5, 


.542 


197, 


.2 


7.6 


108, 


.1 


9, 


.3 


-0.041 


0.060 


-0.024 


0.048 


6 


.429 


197, 


.8 


7.1 


113, 


.1 


8, 


.1 


-0.045 


0.052 


-0.055 


0.042 


7, 


.505 


203, 


.9 


6.8 


90, 


.0 


8, 


.0 


-0.130 


0.063 


-0.053 


0.051 


8, 


.749 


207, 


.4 


6.3 


90 


.4 


7, 


.9 


-0.043 


0.061 


-0.034 


0.049 


10, 


,344 


219, 


,8 


6.5 


81, 


.4 


7, 


.9 


-0.112 


0.066 


-0.024 


0.055 


12, 


.614 


214, 


.5 


7.1 


90 


.0 


8, 


.8 


0.010 


0.067 


-0.028 


0.055 



Table B2. NGC 4342 minor axis 





R 


V 


AV 


a 


Acr 


ha 


Aha 


/l4 


Ahi 


-2, 


.661 


15.2 


9.9 


107.4 


13.3 


0.138 


0.079 


0.044 


0.064 


-2, 


.148 


-3.7 


15.1 


190.4 


25.5 


-0.092 


0.068 


0.133 


0.056 


-1, 


.790 


-6.2 


12.3 


200.4 


16.4 


-0.035 


0.052 


0.019 


0.043 


-1, 


.432 


16.8 


9.1 


183.8 


13.0 


-0.027 


0.044 


0.028 


0.036 


-1, 


.074 


5.0 


9.3 


219.5 


10.9 


0.036 


0.033 


-0.031 


0.028 


-0 


.716 


-5.8 


7.1 


240.9 


9.6 


0.017 


0.027 


-0.034 


0.022 


-0, 


.358 


-0.8 


6.9 


299.0 


10.1 


0.048 


0.021 


-0.008 


0.016 


0, 


.000 


0.0 


6.2 


293.3 


9.5 


0.056 


0.020 


-0.012 


0.016 


0, 


.358 


-3.7 


6.6 


265.5 


9.5 


0.054 


0.022 


0.009 


0.018 


0, 


.716 


-10.7 


6.9 


239.4 


10.1 


0.047 


0.025 


0.028 


0.021 


1, 


.074 


-1.7 


7.1 


216.7 


9.9 


0.013 


0.029 


0.007 


0.024 


1, 


.432 


6.4 


8.6 


191.2 


11.0 


-0.048 


0.037 


0.006 


0.031 


1, 


.790 


9.0 


9.1 


156.1 


12.0 


-0.051 


0.049 


0.025 


0.041 


2, 


.148 


20.7 


9.8 


138.5 


12.3 


-0.059 


0.060 


-0.013 


0.050 


2, 


.658 


37.9 


8.4 


114.3 


10.8 


-0.007 


0.065 


-0.011 


0.052 



Table B3. NGC 4570 major axis 





R 


V 


AV 




Ao- 


ha 


Aha 


/i4 


Ahi 


-33, 


.516 


-161.3 


4.4 


71, 


.4 


6.2 


0.051 


0.051 


0.037 


0.044 


-26, 


.363 


-157.4 


4.7 


86, 


.6 


6.6 


0.061 


0.048 


0.001 


0.039 


-21, 


.951 


-165.5 


4.3 


84, 


.3 


6.6 


-0.065 


0.048 


-0.003 


0.039 


-18, 


.749 


-158.6 


4.5 


88, 


.2 


5.9 


0.093 


0.043 


-0.024 


0.034 


-16 


.259 


-148.2 


5.0 


99, 


.2 


6.7 


0.133 


0.044 


-0.016 


0.035 


-14, 


.308 


-127.7 


6.1 


113, 


.8 


7.9 


0.025 


0.045 


-0.006 


0.036 


-12 


.518 


-118.5 


5.5 


108, 


.1 


6.6 


-0.012 


0.042 


-0.045 


0.033 


-10, 


.907 


-114.0 


5.1 


95, 


.1 


7.1 


0.029 


0.047 


0.003 


0.038 


-9, 


.472 


-96.3 


5.4 


118, 


,7 


7.2 


0.014 


0.039 


-0.016 


0.032 


-8, 


.222 


-83.5 


5.5 


113, 


,9 


7.1 


-0.066 


0.041 


-0.025 


0.034 


-7, 


.144 


-91.2 


5.3 


118, 


,2 


8.2 


0.029 


0.041 


0.037 


0.034 


-6 


.258 


-90.6 


6.1 


112, 


,9 


8.2 


-0.030 


0.047 


-0.017 


0.038 


-5, 


.542 


-96.7 


5.7 


131, 


.7 


7.2 


0.081 


0.036 


-0.036 


0.030 


-4, 


.825 


-95.4 


5.2 


130, 


.8 


6.5 


0.014 


0.033 


-0.038 


0.028 


-4, 


.296 


-81.6 


7.2 


142, 


.8 


9.4 


-0.028 


0.042 


-0.036 


0.035 


-3 


.938 


-85.8 


7.0 


149, 


.1 


9.4 


0.010 


0.038 


-0.012 


0.032 


-3, 


.580 


-88.5 


6.7 


149, 


,1 


9.0 


0.005 


0.0,37 


-0.019 


0.031 


-3, 


.222 


-86.3 


6.5 


141, 


,2 


9.0 


-0.018 


0.039 


0.009 


0.033 


-2, 


.864 


-74.9 


6.4 


147, 


,5 


8.4 


-0.090 


0.036 


-0.033 


0.030 


-2, 


.506 


-75.1 


5.8 


157, 


,1 


7.4 


-0.032 


0.030 


-0.041 


0.025 


-2, 


.148 


-66.1 


5.5 


158, 


,6 


7.4 


0.017 


0.028 


-0.016 


0.024 


-1, 


.790 


-64.6 


5.1 


161, 


.8 


7.0 


0.018 


0.026 


-0.014 


0.022 


-1, 


.432 


-59.2 


4.6 


167, 


.8 


6.7 


0.018 


0.023 


-0.007 


0.019 


-1, 


.074 


-43.2 


4.0 


161, 


.9 


5.6 


-0.003 


0.021 


-0.006 


0.017 


-0 


.716 


-33.6 


4.1 


178, 


.4 


5.8 


0.003 


0.019 


-0.011 


0.015 


-0 


.358 


-15.7 


4.0 


193, 


.0 


5.9 


-0.001 


0.017 


-0.012 


0.014 


0, 


,000 


0.0 


3.9 


197, 


.8 


5.8 


-0.019 


0.016 


-0.018 


0.013 


0, 


,358 


8.6 


4.0 


197, 


,6 


5.8 


-0.018 


0.017 


-0.030 


0.014 


0, 


,716 


32.3 


4.1 


189, 


,3 


6.0 


-0.039 


0.018 


-0.018 


0.015 


1, 


,074 


50.9 


4.5 


186, 


,9 


6.2 


-0.047 


0.020 


-0.020 


0.016 


1, 


.432 


62.6 


4.8 


180, 


.3 


6.9 


-0.069 


0.022 


-0.006 


0.018 


1, 


.790 


63.8 


5.2 


171. 


.8 


7.2 


-0.014 


0.025 


-0.002 


0.020 


2, 


.148 


68.1 


5.6 


164, 


.2 


8.0 


-0.045 


0.029 


-0.007 


0.024 


2, 


.506 


77.8 


6.2 


159, 


.6 


8.4 


-0.061 


0.032 


-0.015 


0.026 


2. 


.864 


90.7 


5.8 


152. 


.1 


7.8 


-0.039 


0.032 


-0.012 


0.027 


3, 


.222 


100.0 


6.5 


147, 


.4 


8.3 


-0.049 


0.036 


-0.012 


0.030 


3, 


,580 


91.3 


7.5 


164, 


,0 


10.2 


-0.024 


0.037 


-0.009 


0.031 


3, 


,938 


101.5 


7.8 


161, 


,2 


10.3 


0.024 


0.039 


-0.018 


0.033 


4, 


,296 


101.4 


7.7 


153, 


,6 


9.7 


0.006 


0.040 


-0.041 


0.034 


4, 


.825 


100.0 


5.6 


154, 


.5 


7.1 


0.019 


0.029 


-0.039 


0.024 


5. 


.541 


82.6 


6.0 


135. 


.8 


7.9 


0.040 


0.037 


-0.010 


0.031 


6, 


.258 


88.4 


6.2 


133, 


.5 


8.1 


-0.037 


0.038 


-0.005 


0.032 


7, 


.145 


97.4 


5.2 


115, 


.9 


6.7 


-0.013 


0.039 


-0.024 


0.032 


8, 


.223 


85.1 


6.0 


117. 


.6 


8.8 


-0.019 


0.046 


0.027 


0.037 


9, 


.470 


80.6 


5.4 


122, 


.7 


7.4 


-0.005 


0.038 


-0.002 


0.031 


10, 


.909 


104.2 


5.3 


95, 


.0 


7.3 


0.002 


0.048 


0.017 


0.038 


12, 


,517 


119.8 


4.5 


98, 


.7 


5.2 


0.000 


0.037 


-0.069 


0.029 


14, 


,303 


128.3 


4.9 


102, 


,3 


5.7 


-0.057 


0.039 


-0.046 


0.031 


16, 


,266 


152.4 


4.9 


86, 


.5 


5.5 


-0.072 


0.046 


-0.091 


0.037 


18, 


,755 


148.4 


5.2 


90, 


.6 


6.2 


-0.167 


0.047 


-0.045 


0.038 


21, 


.948 


152.1 


5.2 


88, 


.1 


5.7 


-0.050 


0.046 


-0.099 


0.037 


26, 


.375 


176.4 


4.3 


83, 


.1 


7.1 


-0.095 


0.046 


0.064 


0.038 


33, 


.529 


161.8 


4.6 


83, 


.4 


5.5 


0.034 


0.045 


-0.078 


0.037 
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Table B4. NGC 4570 offset axis 





R 


V 


AV 


fT 




/13 


A/i3 


Il4 


A/t4 


-32, 


.931 


-182, 


,6 


4.6 


68.5 


5.5 


-0.046 


0.046 


0.022 


0.040 


-25, 


.097 


-155, 


,7 


5.0 


96.9 


6.9 


0.051 


0.043 


0.034 


0.035 


-20, 


.515 


-147 


,1 


4.3 


90.5 


5.8 


0.142 


0.041 


0.002 


0.033 


-17, 


.318 


-145, 


.0 


4.3 


99.9 


6.5 


-0.054 


0.040 


0.027 


0.032 


-14, 


.835 


-128, 


.6 


4.6 


107.3 


6.1 


-0.006 


0.039 


-0.025 


0.031 


-12, 


.874 


-121, 


.6 


5.2 


111.3 


6.0 


-0.051 


0.039 


-0.060 


0.031 


-11, 


.080 


-92, 


.7 


5.1 


106.5 


6.0 


-0.162 


0.039 


-0.038 


0.031 


-9 


.471 


-92. 


.7 


5.0 


120.9 


6.8 


-0.055 


0.038 


-0.020 


0.031 


-8, 


.222 


-71, 


.1 


5.7 


107.2 


6.8 


-0.104 


0.045 


-0.037 


0.036 


-7, 


.146 


-73, 


,8 


5.1 


102.8 


6.8 


-0.072 


0.043 


-0.006 


0.034 


-6, 


.259 


-90, 


,8 


6.6 


127.4 


7.6 


-0.012 


0.041 


-0.050 


0.034 


-5, 


.542 


-85, 


,9 


5.9 


138.3 


7.6 


0.030 


0.036 


-0.051 


0.030 


-4, 


.825 


-76, 


,3 


5.3 


120.6 


6.8 


0.023 


0.037 


-0.013 


0.030 


-4, 


.109 


-78, 


,4 


4.8 


132.3 


6.4 


0.000 


0.031 


-0.010 


0.026 


-3, 


.580 


-71, 


.8 


6.8 


135.6 


8.9 


0.063 


0.042 


-0.017 


0.035 


-3 


.222 


-60, 


.1 


7.0 


147.2 


8.4 


0.007 


0.038 


-0.054 


0.032 


-2, 


.864 


-62. 


.4 


6.6 


147.3 


8.4 


-0.022 


0.037 


-0.036 


0.031 


-2, 


.506 


-60, 


.5 


6.5 


161.9 


8.9 


-0.023 


0.033 


0.000 


0.027 


-2, 


.148 


-58, 


,5 


6.5 


163.3 


9.1 


-0.038 


0.033 


-0.007 


0.027 


-1, 


.790 


-47, 


,3 


5.7 


149.8 


8.0 


-0.026 


0.033 


-0.012 


0.028 


-1, 


.432 


-40, 


.1 


5.8 


159.6 


8.3 


-0.025 


0.031 


-0.003 


0.026 


-1, 


.074 


-30, 


,7 


5.5 


165.8 


7.8 


0.013 


0.028 


-0.006 


0.023 


-0, 


.716 


-23, 


,3 


5.4 


175.2 


7.5 


0.002 


0.025 


-0.012 


0.021 


-0, 


.358 


-5, 


.7 


5.4 


176.9 


7.9 


-0.015 


0.026 


0.000 


0.021 


0, 


.000 


0, 


.0 


5.4 


172.2 


8.1 


-0.033 


0.026 


0.019 


0.022 


0, 


.358 


16, 


.0 


5.0 


165.9 


7.6 


-0.047 


0.026 


0.013 


0.022 





.716 


26, 


.2 


5.4 


175.7 


7.9 


-0.048 


0.026 


0.001 


0.021 


1, 


.074 


34, 


,9 


5.6 


174.3 


8.2 


-0.028 


0.027 


0.001 


0.022 


1, 


.432 


45, 


,9 


5.9 


173.5 


8.3 


-0.039 


0.028 


-0.005 


0.023 


1, 


.790 


62, 


,2 


6.0 


163.4 


8.3 


-0.048 


0.030 


-0.003 


0.025 


2, 


.148 


70, 


,7 


6.0 


154.0 


8.4 


-0.028 


0.033 


-0.005 


0.028 


2, 


.506 


72, 


,6 


6.0 


145.8 


7.9 


-0.029 


0.034 


-0.022 


0.029 


2, 


.864 


78, 


.4 


6.6 


148.3 


8.5 


0.001 


0.037 


-0.036 


0.031 


3, 


.222 


76, 


.1 


6.5 


141.4 


8.7 


0.012 


0.039 


-0.015 


0.033 


3 


.580 


81, 


.7 


6.9 


143.7 


9.1 


-0.019 


0.040 


-0.013 


0.033 


4, 


.109 


89, 


.0 


5.1 


146.6 


7.4 


-0.068 


0.031 


0.013 


0.026 


4, 


.826 


94, 


.5 


5.5 


136.4 


7.1 


-0.055 


0.034 


-0.013 


0.028 


5, 


.542 


92, 


.6 


5.6 


127.1 


7.3 


0.031 


0.038 


-0.013 


0.031 


6, 


.259 


94, 


,5 


6.5 


129.3 


8.7 


-0.018 


0.042 


0.010 


0.035 


7, 


.146 


99, 


,7 


5.6 


126.9 


7.4 


-0.074 


0.037 


0.003 


0.031 


8, 


.223 


108, 


.9 


6.2 


121.3 


7.9 


-0.005 


0.045 


-0.040 


0.037 


9, 


.472 


97, 


.2 


5.0 


96.2 


7.2 


0.044 


0.046 


0.030 


0.037 


11, 


.080 


126, 


.1 


5.6 


106.1 


6.7 


0.091 


0.045 


-0.055 


0.036 


12 


.870 


137, 


.5 


5.3 


99.6 


6.9 


0.022 


0.046 


-0.022 


0.037 


14, 


.841 


144, 


.7 


5.1 


115.5 


6.1 


-0.001 


0.038 


-0.067 


0.030 


17 


.316 


158, 


.0 


4.7 


100.6 


5.7 


-0.061 


0.038 


-0.031 


0.031 


20 


.516 


176, 


.3 


4.2 


87.7 


5.8 


-0.091 


0.041 


-0.008 


0.033 


25, 


.086 


176, 


,7 


3.4 


73.9 


5.1 


-0.136 


0.043 


-0.020 


0.036 


32, 


.870 


179, 


.2 


3.6 


70.0 


4.7 


-0.082 


0.043 


-0.035 


0.037 



Table B5. NGC 4570 minor axis 





R 


V 


AV 




A<T 


h3 


Ahs 


/l4 


Ah4, 


-5, 


.4.30 


8.4 


6.5 


125.1 


8.0 


-0.010 


0.043 


-0.031 


0.035 


-3, 


.903 


18.4 


6.7 


121.5 


8.9 


0.025 


0.048 


-0.010 


0.039 


-3, 


.027 


10.5 


7.1 


138.6 


9.4 


-0.066 


0.043 


-0.020 


0.036 


-2, 


.308 


-2.1 


6.5 


156.6 


9.1 


-0.022 


0.034 


0.007 


0.029 


-1, 


.790 


-1.8 


7.8 


170.5 


11.1 


-0.043 


0.037 


-0.002 


0.031 


-1, 


.432 


-1.3 


7.3 


185.9 


10.9 


0.003 


0.032 


0.006 


0.027 


-1, 


.074 


-10.7 


6.6 


201.8 


10.5 


0.006 


0.027 


0.015 


0.022 


-0, 


.716 


-5.5 


5.8 


189.5 


8.8 


0.018 


0.025 


0.003 


0.021 


-0 


.358 


-4.7 


5.6 


184.3 


8.3 


-0.016 


0.025 


-0.004 


0.021 


0, 


,000 


0.0 


5.7 


184.0 


8.4 


-0.039 


0.025 


-0.004 


0.021 


0, 


,358 


3.1 


5.8 


190.6 


8.7 


0.003 


0.025 


-0.005 


0.021 


0, 


,716 


-0.2 


5.8 


187.0 


8.1 


0.0,32 


0.025 


-0.020 


0.021 


1, 


,074 


-3.5 


6.3 


176.6 


9.1 


0.019 


0.0.30 


-0.003 


0.025 


1, 


,432 


-1.8 


7.1 


183.6 


11.7 


0.001 


0.033 


0.029 


0.027 


1, 


.790 


3.5 


8.1 


178.4 


14.0 


-0.041 


0.039 


0.043 


0.032 


2, 


.148 


13.6 


8.0 


136.0 


11.1 


0.006 


0.053 


-0.017 


0.044 


2, 


.668 


12.0 


6.5 


149.0 


9.6 


0.004 


0.037 


0.014 


0.032 


3, 


.543 


18.5 


6.5 


138.3 


9.2 


-0.066 


0.040 


0.009 


0.034 


4, 


,922 


22.2 


6.2 


116.2 


8.6 


-0.062 


0.048 


-0.003 


0.039 


8, 


.059 


9.6 


6.6 


106.5 


9.7 


-0.019 


0.054 


0.043 


0.043 



